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ABSTRACT

Late Cretaceous gastropods belonging to genus Lysis Gabb,
1564, from the Pacific slope of \onh America, bridge the mor-
phologic gap between turbiniform trichotropids and limpet-like
calvptraeids. Development of the depressed and broadened
inner lip/columella of Lysis resulted in a larger aperture that
allowed more space for the foot to grasp a hard substrate.
Pacific slope species of Lysis are represented by five species
that collectively span an interval from late Coniacian to late
Maastrichtian. They stem from two lineages of the trichotro-
pine genus Ariadnaria labe, 1961, The Hirst lineage, which
includes Ariadnaria ainikta new species of late Albian to Cen-
omanian age., Ariadnaria stibara new species of Cenomanian
age, and An‘adnarz’a obstricta (White, 1859) of late Coniacian?
and Santonian age, gave rise to the Lysis duplicosta group of
neritiform to haliotiform, coarse-ribbed Lysis, including Lysis
mickeyi new species (earliest Lysis in the world), Lysis dupli-
costa Gabb, 1864, Lysis jalamaca new species, and Lysis lo-
maensis new species. The second lineage of Ariadnaria consists
of the Turonian Ariadnaria aldersoni new species, which gave
rise to the Lysis suciensis (Whiteaves, 1579) group. \Impho—
logically, this gronp, which show crepiduliform and fine ribbed
shells, appears likelv to be a stem group from which Cenozoic
Crepidula-like genera evolved. Garzasia new genus. which

ranges from Iate Campanian or early \Iaastnchtmn age to the
mid Maastrichtian. evolved from the Lysis dupllcnsta group
and includes Garsasia intermedia (Cooper. 1594) and Garzasia
diabla new species. The very broad, depressed spiraling inner
lip of Garzasia is suggestive of Calyptraca Lamarck, 1799. We
propose placement of Lysis and Garzasia in Lysinae new sub-
family of the Trichotropidae. In addition to their occurrence
along the Pacific Slope of North America. Lysis or Lysis-like
gastropods are known from middle Santonian to lower Cam-
panian strata in South Africa. upper Campanian in the Congo,
and Maastrichtian strata in Mozambique and Japan.

Additional Keywords: Trichotropidae, Lysinae, Calyptracidae,
evolution, paleogeographical occurrence

INTRODUCTION

This studyv deals with the fossil record of the extinct ge-
nus LJSIS Gabb, 1564, a small group of enigmatic gas-

tropods which has received little or no study regarding its
ancestry, point of origin in terms of time and geographic
locale, and evolutionary history. Specimens have been
found in shallow-marine Cretaceous deposits from
southern Vancouver Island and neighboring Gulf Is-
lands, British Columbia, Canada to northern Baja Cali-
fornia, Mexico (Figure 1) and, although Ljszs -like gas-
tropods have been reported at a few locales in the world,
its familial placement Tras been wncertain. This study
brings new information about all of these items.

\/Idtenal for this study included type specimens, addi-
tional collections from their type localities, and speci-
mens ol Late Cretaceous age (Coniacian to Maastrich-
tian) from previously unreported-upon localities. Figure
1 provides an index to areas which yielded specimens
used in this study.

During the study we discovered undescribed species
of the trichotropine genus Ariadnaria Habe, 1961, which
appear to have given rise to two groups of Lysis, a ner-
itiform coarse-rbbed group and a crepiduliform fine-
ribbed group. As will be discussed under “Evolutionary
Implications,” we propose that the neritiform group
evolved into Garzasia new genus, which appears to be a
precursor to cal\"ptlaelfmm generad.

A total of three genera (one of them new) and 11
species (seven of them new) make up this study. The taxa
are: four species of Ariadnaria (three of them new), five
species of Lysis (three of them new), and two species of
Garzasia (one of them new). The ranges in time of all
these species, as well as two recognizable groups of Lysis,
are plotted on Figure 2. The Lz/szs duplicosta group con-
sists of four species, spanning a total interval of late Co-
niacian to late Maastrichtian. This group was also the
most geographically widespread, with specimens col-
lected from British Cohunbia to Baja California. The
Lysis suciensis group is known only from the Campanian
to possibly early Maastrichtian, with specimens known
from British Columbia to Baju California Sur. Lysis per-
sisted for a total of approximately 18 million years in the
studv area.

The specimens studied here are mainly from fine-
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LATITUDINAL DISTRIBUTION OF SPECIES
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1 -Vancouver and adjacent
islands, British Cohunbia

2 - Sucia Island, San Juan Co.,
Washington

3 - South Cow & Bear creeks,
Shasta Co., Califormnia

4 - Ono area, Shasta Co., Calif.

5 - Chico Creek, Butte Co.,
California

6 - Pentz and Dry Creek,Butte
Co., Califomia

7 - Texas Flat & Granite Bay,
Placer Co., Califonma

8 - Pigeon Pomt, San Mateo Co.,
Califomia

19 - Garzas Creek, Stanislaus Co.,
Califomia
10 -south of Garzas Creek,
Merced Co.,Califormia
11 -Cooper Canyor1, Fresno
Co., Califormia
12 -Jalama area, Santa Barbara
Co., Califonia
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L. duplicosta

13 - Agua Caliente Canyon.
Santa Barbara Co., CA
14 - Warm Springs Mtin.,
o Los Angeles Co., Calif.
15 - Live Oak Canyon,
1 ® Kem Ca., California
5 16 - Simi Hills, Los Angeles
® and Ventura counties,
: California
17 - Santa Monica Mtns,
Los Angeles and
Vennura counties, Calif.
18 - Santa Ana Mitns.,
Orange Co., Califomia
19 - near Carlsbad, San
Diego Co.. Califormia
20 - Point Lomia, San
Diego Co., California
21 - East of La Misién.
Baja Califomia, Mexico
22 - Cafion San Fermando,
Baja California, Mexico
23 - Punta Abreojos, Baja
California Sur, Mexico
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Figure 1. Index map ol collecting localities.
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Figure 2. Ace ranges of species o Ariadnaria. Lysis. Garzasia, Calyptraca. and Crepidula discussed in text. Lines connecting the
species indicate inferred descent based on morphologic simiarity. Lysis duplicosta gave rise to two species one of which, L. lomacnsis
produced proto-calyptractorm Garzasia and the other, L. jalamaca. is crepiduliform. An additional erepiduliform line was tounded
bv L. suciensis. No known intermediate forms connect these Cretaceous calyptraeiform and crepiduliform gastropods to Tertiany
species. The earliest known Pacific Slope calyptraeid. “C." diegoana lacks the strong ribbing of Garzasia. but crepiduliform Spiro-
crypta pilewm differs largely from L. suciensis in its small size. Time scale after Gradstein et al. (2004),
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grained argillaceous sandstone or siltstone that constitute
sheltd] deposits that accunulated at depths near or just
below wave base.

Specimens are low in number and almost always in-
comp]ete Protoconchs are rarcly preserved, the Tarval
shell is in part missing, its shape pamdl]\ represented by
its inner cast in all available specimens. Apertures are
usually missing their anteriormost area. Adhering matrix,
cormmonly consisting of well-cemented sandstone nsually
plugs the aperture. thercby necessitating careful clean-
]n(T

"As will be discussed under “Evolutionary Implica-
tions,” the shape of Lysis. with the exception of L. mick-
eyi new species, approaches that of Crepidula, resulting
from flattening of the aperture. development of a broad
shelf, and lateral coiling of the spire. The crepiduliform
shape, as well as the Calyptraca-like shape ol Garzasia,
pose problems for terminology used for describing cer-
tain figures of specimens, as well as for describing certain
shell dlmenslons For some specimens, a full view of the
aperture could only be depicted by having the the shell
tipped out of the plane of its axis. The true height of
these shells. therefore, is not shown: hence, the “vertical
dimension” of the view is given instead. and perpendicu-
lar to it is the “horizontal dimension.” In most cases, the
abapertural view is in the plane of the shell axis; hence,
the terms “height” and “diameter™ apply.

Abbreviations used in the text are: ANSP: Academy of
Natural Sciences of Philadelphia; CAS: California Acad-
emy of Sciences, San Francisco; CGS: Geological Survey
of Canada, Ottawa: CIT: California Institute <>f Technol-
ogy, Pasadena (collections now housed at LACMIP);
CSMB: California State Mining Bureau (specimen at
CAS); IGM: Instituto de (1001()014 Universidad Nacional
Autonoma de México: LACMIP: Natural [istory Mu-
seum of Los Angeles County; SD’\III\I San Don

Natural History Museum; UC LA: Univer sity of Cahim—
nia, Los Angeles (collections now at LACMIP); UCMP:
University of California, Berkeley, Museum of Paleon-
tology: USGS: United States Geological Survey, Mento

ul\ (collections now lonsed at UCMP); USNM: Na-
tl()l]dl Museum of Natural History, Smithsonian Institi-
tion.

PALEOBIOCEOGRAPITIC DISTRIBUTION OF
ARIADNARIA, LYSIS, AND GARZASIA

Ariadnaria ranges {rom late Albian to Recent witli its
carliest appearance in Pacilic slope deposits ol North
America, where it is found in strata mngintf from late
Albian to Santonian age. From Japan, Kase (1990) fig-
ured, as Tric ]mtmpis?‘. a possible Ariadnaria species of
earliest Maastrichtian age.

Lysis ranges {rom the late Coniacian to late Maastri-
chitan, and that is also its range for the Pacific slope of
North America. The genns apparently originated in Cali-
tornia, with five species known from the Pacific slope of
North America. Four additional probable species of Ly-

sis are known elsewhere in the world. They are: Lysis

capensis Rennie, 1930, from the middle Santonian to
lower Campanian of South Africa (Kiel and Bandel,
2003): Lysis congolensis (Brébion, 1936) from upper
Campanian of the Congo, Africa; Lysis africana (Cox,
1925) from the Maastrichtian (undifferentiated) of Mo-
zambique: and Lysis izomiensis Kase, 1990, from the
earliest Maastrichtian of Japan.

Rennie (1935) reported Lysis caffra Rennie, 1935,
from the Upper Cretaccous near the eastern border of
the Eastern Cape Province (Pondoland), southeast Af-
rica, but its swollen naticiform shape with a very large,
inflated body whort and broad, non-depressed inner lip/
columellar region, that appears to have a thin callus, are
features not found in Lysis.

Garzasia ranges from late Campanian or early Maas-
triclitian to the mld Maastrichtian and is endemic to the

Pacific slope of North America.

MODE OF LIFE OF LYSIS

Lysis has been found attached to a few specimens of
large volutid gastropods. One specimen of Longoconcha
eum(l\(z Saul and Squires. 2008, from the Pomt Loma
Formation near Carlsbad, California has two specimens
of erepiduliform LJS‘IS_](I](I)?I(I(‘(I new species on its shell,
near the outer lip margin (Figure 34), as well as an at-
tachment secar on the abapertural side of the shell. Speci-
mens of Lysis suciensis from the Chatsworth Formation
near Chatsworth, California, although not found in situ
as are the younger Carlsbad speciniens, have aperture
shapes th at could fit on the exterior of a specimen of
Volutoderma Gabb, 1877, Indication of such an associa-
tion is absent prior to middle Campanian. Whether the
specimens of Lysis species were using dead shells as a
substrate or had developed an association with living Vo-
lutoderma is undetermined.

Comparison to probable family members indicates
that Lysis was a sedentary faculative ciliary feeder. Tri-
chotropines, as well as L‘d]\'pild( Ads, are (111(m' feeders
that live a sedentary life on hard substrates and are plo-
trandrous lwrmapln‘odjtv' among whom brooding their
young is common (Graham, 1‘)’34 Yonge, 1962). These
mode-of-life characteristics have lnst(mcdll\ been used
to classify trichotropines as being close to ¢ ll\ptrdeldq

SYSTEMATIC PALEONTOLOGY
Superfamily Calyptracoidea Lamarck, 1809

Discussion:  The taxonomy of calvptracoids, as with
most gastropods, was tld(lltl()ll(l]l\ hased on shell mor-
phology and Jater modified by increasing anatomical
knowledge. The inclusion of patelliform Capulidae
Fleming, 1822, turbinitorin 111(]1()t]()[)1(]dt‘, and coiled
timpet- \lmpv(l Calsptraeidae in the superfamily Calvp-
tracoidea ( (e.g. Thie le, 1929 Wenz, 1940), has pl()\l(](’(l
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calyptracoids a considerable morphological range and a
somewhat complicated classification history (Bandel and
Riedel, 1994). In addition to the above three l[amilies,
Bandel and Riedel (1994). included Hipponicidae
Troschel. 1861, in Calvptracoidea, but Collin (2003: 632)
rejected hipponicids from a close relationship with ca-
Ivptraeids. Ponder and Warén (198S) and Ponder (199S),
equated family Capulidae with family Trichotropidae
Grav, 1830, on anatonmical Gmunck 1((111(1110 the in-
cluded families to two. ,(11)1111(1.\, as e‘,\emplllled by
Capulus Montfort, 1510, have limpet-shaped shells; tri-
chotropids zm exemplified by Tric[mtmpi s Broderip and
Sowerbv, 1829, usually have coiled shells; and calyp-
traeids, as e\mnphmd by Calyptraca Lamarck, 1799,
Crepidula Lamarck, 1799, and Crucibulum Schumacher,

1817, have limpet-shaped shells with an internal shelf of

variable shape.

In her analvsis ol cahvptracids, Collin (2003a, 2003b)
utilized shell characters, anatomical characters, and mo-
lecular characters. Collin (2003u) argued that although
the so-called echinospira larva of Capulus and of Tricho-
tropis do not appear to be “trne” echinospira, the thick-
ened and elaborate larval shell of these two groups is
clearly different from the mnple larval shell of extant

ﬂxptramd\‘ and she (Collin, 20034, 2003Dh, 2005) has
continued to recognize the families Capulidae Fleming,
1822, Cal\ptraelddu. and Trichotropidae. Collin (200 34)
mentioned that despite the detailed studies done on ca-
hvptraeids, their taxonomy remains contentious and un-
certain. Because specimens studied here show no resem-
blance to capulids but do, in part, resemble trichotro-
pids. and calyptraeids such as Calyptraca and Crepidula,
we follow Collin in recognizing families Calyptraeidae
and Trichotropidae.

Family Trichotropidae Gray, 1850
Subfamilv Trichotropinae Gray, 1850

Description:  Small to medium sized (usually 15 to 25
mm, but up to 40 mm in height), coiled, Iugh conic to
broad, low-conic, or nearly ('up -shaped; spiral sculpture
usually better developed than collabral sculpture and
represented by distinet cords and/or keels; uinbilicus
broadly open fo slit-like or completely closed: aperture
variable in shape. ranging from irregularly tiangular and
broadly oval to elongate-oval; some forms with more or
less attenutated canal: operculum small, horny: radula
taenioglossate; periostracum forming combs, bristles,
spines usually in places of intersection of spiral and col-
labral sculpture (from Egorov and Alexeyev, 1998).

Discunssion:  Trichotropids provide the geologically
oldest representatives of the three families Trichotropi-
dae, Capulidae, and Calyptracidae. We did not follow
Ponder and Warén (195S), Ponder (199S). and Bouchet
and Rocroi (2005) in placing Trichotropidae in Capul-
idae because trichotropids, such as the high spired Ari-
adnaria spp. discussed herein, differ distinet] v from cap—
shaped capulids. Collin (2003b) referred to trichotropids
plus capulids as the closest outgroup to calyptraeids, sug-

gesting that she recognized these three as separate fami-
lies. At present the geologic record finds trichotropids
occurring earlier than capulids and also earlier than ca-
ll\ptme](ls‘ and we suggest that based on species de-
scribed herein, trichotropid-like gastropods gave rise to
calyptracids and that trichotropid specimens reported
upon herein demonstrate a progressive development to-
ward either a crepiduliform or a calyptraeiform shell.

Atresius Gabb, 1869, of Early Cretaceous (Valanginien
to Hauterivian) age is the earliest trichotropine recog-
nized by Wenz (191()) but its sole named species A.
liratus Gabb, 1569, is a prominent constituent of chemo-
synthetic paleoconnmunities in northern California and
probably not a trichotropid. Lirpsa Stephenson, 1952, of
Cenomanian age from the Woodbine Formation of Texas
may be the earliest previously known trichotropine. The
earliest reported cap-shaped capulid is Capulus verus
(Bohm, 1585) of Late Cretaceous (early Campanian) age
fromi Aachen, Germany.

Genus Ariadnaria Habe, 1961
[= Ariadna Fischer, 1864; non Audonin. 1826].

Type Specics:  Trichotropis borealis Broderip and
Sowerby, 1829, by monotypy; boreal Arctic cirenmpolar
(Egorov and Alexeyev, 199S) and cool temperate seas:
northern North Atlantic south to Northumbria and all
Scottish coasts (Fretter and Graham, 1962) and Massa-
chusetts Bay (Emerson and Jacobson, 1976); the Bering
Sea and north Pacific south to Britisli Columbia (LACNI
collection. Forrester Island).

Description: Shell tnrbinilorm (oval-conic) with
raised spire; spiral sculpture well developed and consist-
ing of raised cords separated by interspaces of variable
width; collabral sculpture consisting of raised growth
lines; aperture wide: inner lip shahtl\ concave; canal
short and straight; umbilicus slit- 111\0 operculum thin;
periostracum for ming long, closely spaced bristles on spi-
ral ribs.

Discussion:  No prior records of Ariadnaria as a tossil
were found Dy us. Arza(ln(lrza differs from Trichotropis
Broderip and Sowerby, 1529, by having an umbilicus.
Turbinopsis Conrad, 1\86(), a turbiniform trichotropid of
late Campanian or early Maastrichtian age from Missis-
sippt. differs from Ariadnaria by having a wider umbili-
cus (profound according to Conrad, 1860), a last whorl
that is more inllated and is tabulate, and having a very
oblique fold near the basal margin of the columella.

Ariadnaria ainikta new species  (Figures 3—4)

Diagnosis:  Medium-size Ariadnaria with sturdy shell,
rounded whorls, strong sculpture with nine spiral cords
widely spaced; collabral sculpture thickly foliate; umbili-
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Figures 3-10.

7-8. Ariadnaria aldersoni. holotype LACNIP 13372 LACNUP loc. 26370, height 12 mm. diameter S.5 mm.

Artadnaria species. Specimens coated wath ammonium chloride. 3—. Aviadnaria ainikta new species, holotype
CAS 61794.00, CAS loc. 6179t height 20 mm, diameter 17 mu 3. Ape rtural view, 4, Al pertural view. 5-6. Ariadnaria stibara new
species, holotype LACNIP 13371, 1,1\(,\1“’ loc. 23464 height 19 mm. diameter 13.5 mm. 3. Apertural view. 6. Abapertural view.

7. Apertural view. 8.

Abapertnral view. 9-10. Ariadnaria obstricta (\White, 1859) hypotype LACMIP 13373, LACNIP loc. 28717, Le dght 21 mm, diameter

t5 mm. 9. Apertural view. 10. Abapertural view.

ens elliptical: inner lip broad, expanded anterior and pos-
terior to umbhilicus.

Deseription:  Shell medivm (approximately 22 mm
height), sturdy, turbiniform, spire moderately high, ap-
p]O\lmatol\ 36% of total shell he ight: apical anfrl(x 110°:
most ol protoconch missing. remanent low md appar-
ently smooth: teleoconch \\11()119 three, whorls well
rounded and enLn aing very rapidly: suture appressed but
appearing channele d: Eilic open. decp, and ellipti-

cal: growth line prosocline: spiral sculpture consisting of

1(‘<Tn](u]\ spaced and wpm]l\ narrow cords; fonr cords on
pe ml]tnndt(\ whorl: nine cords on last whorl, becoming
stronger and maore raised near mnhilicus; Sp]ml cords on
last whorl widely spaced and occasionally with spiral
thread in interspaces, especially anterior of periphery;
collabral senlpture consisting of “thickly foliate ridges co-
imcident with growth ¢he (1\\ especi jally near (mt(x lip:
aperture D- slmln (l inner hp hroad, (\pdn(h Janteriorly
and posteriorly of mnbilicus: abapertural edge ol inmer
lip delineated l)\ sharp ridge: basal lip ])Ii)d(l( ned.

Holotype:  CASG 6179100, height 20 nimy, diamieter
17 mm. spire height 7.5 nim.

Type Locality:  CASC loc. 61790 [=CASG loc.
1346-A1.

Distribntion:  Basal Bald Hills NMember of the Budden
Canyon Formation, (arca 4) Ono area, Shasta Co., Cali-
forniz.

Geologic Age:  Late Albian.

Discussion:  Onlv the holotyvpe is known. 1t evidently
had a very foliate, thick shell. What remains is riddled
with endobiont borings. Renmants of the protoconch are
present, there is no clear evidence ol an anterior sinus to
the aperture, and the shell does not appear to have been
NACTEONS.

The new species most resembles the trichotropid
Turbinopsis lilsardi Conrad, 1860 (Conrad, 1560: 289,
ph 46, fig. 29; Sohl. 1960: 91, pl. 10, figs. 17, 1S) from the
npper (,(unpanmn/l()\\(1 \le\t]'l(]]t]d]l R 1p|<\ Formation
ol Tippah Co.. Mississippi, except A, ainikta has a
smaller munbilicns and narrower cords with mueh wider
interspaces. Additionallv. the imer hip of AL ainikta is
more expanded both anterior and posterior to the nm-
bilicus.

Artadnaria ainikta and AL stibara new species are simi-
lar in that there is no ridge separating the vmibilicus from
the inner lip. Ariadnaria ainikta diflers from A stibara
by having a less elongate shell, wider penaltimaie sehorl,
stronger spiral cords with mnch wider interspaces. a
shorter nimbilicns that is oval rather than slit-like, oliate
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collabral sculpture. and no parictal swelling on the inner
]ip Ariadnaria ainikta dilters from A, aldersoni new spe-
cies by being larger, having munch stronger spiral cords
with much wider mtvlspll(( s, a well rounded last whorl
mot angulate), shorter mnbilicus that is oval rather than
slit-like. and no ridge separating the nmbilicus frony the
mner lip. Ariadnaria ainikta differs vom A obstricta
(White, 1559) by having a lower spire, wider penultimate
whorl. round last whorl (not angulate) more spiral cords,
foliate collabral sculpture, shorter umbilicus that is oval
rather than slit-like, and no ridge separating the minbili-
cus [rom the iner lip. The strong spiral ribbing of A.
ainikta resembles that of A, obstricta.

Etvmology:  Ainiktos. Greek, meaning: baflling, ob-
scure, or enigmatic.

Ariadnaria stibara new species
(Figures 5-6)

Diagnosis: A medinm size sturdy Ariadnaria with
101mdt‘d whorls, medium strong scu]ptlm' with many
spiral cords moderately closelv spa(vd collubral scnlp-
ture verv fine and lattice-like on spire whorls: umbilicus
chink-like: inner lip with low parictal swelling.

Description:  Shell medium small (height approxi-
matelv 20 mm). sturdy. turbintform, somewhat elongate,
spire anh and dppl()\llﬂdt(’] 50% of totd shell hc gt
apical dll"l(’ approximmately 67° protoconch not plesent
teleoconch whorls four, whorls well rounded and enlar -
ing rapidlv: last whorl tapering anteriorly; suture ap-
pl(‘sqed, appearing channeled, dn(l mpld]\ descending
near aperture; umbilicus narrow, chink-like and present
only adjacent to medial and posterior parts of inmer lip:
G)O\\th line prosocline, with several irregularly spaced
<710\\ﬂ] checks near outer lip: spiral s(ulptms' unmstmu
of numerous fine subequal rounded cords: appl()\undte]\'
ten closelv spaced cords on penultimate whorl with in-
terspaces ‘of nearly equal width: approximately 18 cords
on last whorl with interspaces slightly wider than cords;
cords strongest. most widelv quwd, and occasionally
with spiral tlut'ad in mtmspd( es on medial and anterior

portions of last whorl: collabral sculpture consisting of

thin. raised growth lines. forming nearly microscopic th—
tice-like pattem on spire whorls: .11)01t111(= D-shuped.
moderately large, nbhquo narrowed at posterior end by
low panetdl swel]mm iner lip broad, somewhat exca-
vated (concave) 111(*(11;11]\‘ and Nattened anteriorly: aba-
pertural edge of inner hp delineated by low hut distinct
ridge: basal hp broadened.

Holotype:  Holotype LACMIP 13371, height 19 mmn
iincomplete). diameter 13.5 mm. spire height 9 mm.
Type Locality:  LACNP loc. 23464 is also type local-
ity of Turrilites dilleri NInrphy and Rodda, 1960.

Distribution:  Bald 11ills Member (imit 1V of Matsu-
moto. 1960) of the Budden Canvon Formation, (area )
Ono area. Shasta Co.. Californiu.

Geologic Age:  Middle Cenomanian.

Discussion:  Only the holotype is known, and it lacks
the protoconch and the anterior end of the teleoconch.
Whether or not an anterior siphonal notelr was present is
unknown, but the shape of the last whorl suggests that at
least a small one was present. The species is Asswned to
Ariadnaria based on shell shape, but it dilfers fl()m typi-
cal Aradnaria in its very sturdy shell, the lineness of its
sculpture, and the presence of a parietal swelling at the
posterior end ol the aperture.

Ariadnaria stibara differs from AL ainikta by having a
more elongate shell, narrower pennltimate whorl, much
weaker spiral cords with much narrower interspaces,
longer and narrower mnbilicus, parietal swelling on imner
lip. and absence of Toliate collabral senlpture. Ariadnaria
stibara dillers from A. aldersoui by larger size, less elon-
gate shell, more rounded whorls that are not Jax in their
coiling, coarser spiral ribs, lattice-like very tine collabral
S(n]ptme on spne whorls, parietal 9\\(‘”11]” on inner lip.
less delineated abapertural edge of inner l]p, and no fas-
ciole-like flange hounding the wmbilicus. Ariadnaria
stibara dilters from A. nb\tiz(t(l by having rounded
whorls, many more spiral ribs that are imuch \\ml\e and
much more closely spdcv(], and a less well demarked
abapertural edge of the inner lip.

Etymology:  Named for its sturdy shell. stibaros.
Greek, meaning strong or sturdy.

Ariadnaria aldersoni new species
(Figures 7-8)

Diagnosis:  Small Ariudnaria with elongate shell and
last whorl medially subangnlate, coiling stretched aally,
whorls bearig many very fine and closelv spaced ribs.
mnbilicus dlml\ like, splm] sculpture very fine, a]mpel-
tural edge of inner lip well delineated and raised, vmbi-
licus b()ldel( d by fasicole-like flange.

Description:  Shell sinall (approximately 13.5 mm
height, estimated): clongately trbiniform. with mediallv
sn])dntmldto whorls: wpper spire missing: tele oconch
whorls enlarging rapidly; suture apparently appressed on
carlier whorls, becoming channeled on penultinate
whorl, vapidly descending: nmbilicus chink-like,
bounded by strong rounded fasciole-like ridge: growth
line pmm(]me well marked with mumerous <rm\\t]| welts
on last whorl: spival senlptire consisting of fine, well
spaced ribs ol wnequal strength crossing 111(*5:111‘11 growth
welts: interspaces between ribs wider than ribs; aperture
D-shaped. narrowed posteriorly but not angled, with
short, broad anterior sinns; outer lip thin, simple; mner
lip moderately narrow, abapertiral edge raised and well
demarked.

Holotype:  LACMIP 13372, height 12 mm (incom-
plete). diameter 8.5 mnn.

Type Locality:  LACMNIP 26370

Distribution: Panoche Formation, (area 110 Alealde
tHills. Fresno Co.. California.
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Geologie Age: Late Turonian.

Discussion:  Only the holotype is known. It is incom-
plete, consisting only of the last two whorls, and its small
size may indicate that it is not mature. The elongate
shape is a distinctive characteristic ol this species. Ari-
adnaria aldersoni apparently had a relatively high spire,
and the coiling is lax and rethiniscent of Lzrps(z Stcphon-
son, 1932, It somewhat resembles Lirpsa teres Stephen-
son, 1952, but the new species has a narrow, chink-like
umbilicus.

Ariadnaria aldersoni is most similar to A. stibara and
differs by being smaller, having a more clongate shell,
angnlated \\hork that are lax in their (011111(7 mnch
\’(‘d]\t‘] spiral ribs, abapertural edge of inner ]11) better
delineated, fasciole-like ridge l)()ll]]dlll" the umbilicns,
absence of lattice-like very fine colld])ml 5(111ptuw on
spire whorls, and absence of parietal swelling on inner
lip. Ariadnaria aldersoni diflers from A. mm/\m by being
smaller, having much weaker spiral cords with much nar-
rower 111telspac(> . angulate last whorl, longer umbilicus
that is slit-like rather than oval, and having a ridge sepa-
rating the umbilicus from the inner lip. \)mdn(m(l al-
(lmsmu dilfers from A. obstricta by being smaller and
having fewer and mch weaker spndl (()Id% with mueh
narrower interspaces.

In some respects A. aldersoni is similar to Lysis sucicn-
sis. Both have fime ribbing, a relatively high spive, rather
lax coiling, and a somewhat slower increase ol whorl
diameter. \\h( reas the snbure of Ao obstricta and Lysis
mickeyi is very close to or at the perimeter of the previ-
ons whorl, in A. aldersoni and Lysis sucicnsis the suture
is usually abapical to the previons whorl's perimeter.

Etvmology:  The species is named for John M. Alder-
son who collected the holotvpe from Cooper Canyon.

Ariadnaria obstricta (\White, 1889)
(Figures 9-10)
Stomatia obstricta White, 1889: 18-19, pl. 4. figs. 10-11.

Diagnosis:  Medium size Ariadnaria with high spire
and angnlate last whotl, sculpture of a few \\1del) spaced
strong cords, wnbilicus chink-like or covered.

Deseription:  Shell mediun size (approximately 21.4
mm height), elongate turbiniforin: whorl profile rounded
with slight dll(’llldtl()ll at third strong cor d on last whorl;
spire ]11<rh aml approximately 50% ()l total shell height;
apical (lIlU](’ apl)m\ml ately 67° protoconch missing:
tele ()((m(h whorls four, enlarging rapidly and last whorl
tapering anteriorly: suture appressed, anterior to suban-
gulate pe r1plu rv: mbilicus chinklike or covered by inner
l]p expansion; bhounded abaperturally by strong ridge;
arowth line prosocline; sc nl])tnw of three strong, \\1(]( ly
spaced cords on spire, five or six on body \\lmll inter-
spaces commonly with mid thread: ape rture Jarge and
ovate with abapertural edge raised and H]hlll)l\ de-
marked: outer tip apparently simple; inner lip somewhat
expanded and standing high along wmbilical chink: basal
lip barely driwn out into h]lgllt spout-like sinns.

Holotype: USNM 20124,

Type Locality:  Little Cow Creek but additional speci-
mens have not been found there. The species is abun-
dant at some localities along South Cow Creek, Shasta
Co., California.

Hypotype:  LACMIP 13373, height 20 mm, diameter
15 mm from LACMIP loc. 28717,

Distribution:  Redding P()l mation, Bear Creek Sand-
stone NMember, (speua“\ area 3) along South Cow
Creek and Bear Creek, Shasta Co.; Chico Formation,
Musty Buck Member, (arca 5) Chico Creek, Butte Co.,
California.

Geologic Age:  Late Coniacian? to Santonian.

Discussion:  The above description is based on 16
specimens; all but one are from LACMIP loc. 28717,
Most specimens are poorly preserved, and specimens
with the shell surface preserved are difticult to find. The
primary cords arc strong and almost {lange-like.

White's species is here assigned to Ariadnaria based
on shell shape, senlpture, nmbilicus, and presence of a
small spout-like sinus in the aperture. This would be the
carliest unqunestioned ocenrrence of this genus that pre-
viously was known only [rom the Recent (Wenz, 1940).

In slmp(* and pmbabl\ sculpture (preservation makes
comparison difticult) A. obstricta resembles illustrations
of Trichotropis? sp. in Kase (1990: 568, figs. 2.26, 2.27).
Kase's specimen was from the Izumi Group of Japan of
carly Maastrichtian age.

Artadnaria obstricta is very similar to Lysis mickeyi
new species, but A. obstricta lias more 1 regular spiral ribs,
aslighly higher spire, the strong spiral dehmltma an um-
bilical (hm]\, and a free st mdmtf inmer lip. Arm(lnmm
obstricta differs from /\)‘I(I(III(II‘I(I ainikta by having a
higher spire, narrower penultimate whorl, angulate fast
whorl, fewer spiral cords, shorter umbilicus that is slit-
like rather than oval, ridge separating the umbilicus from
the iuner lip, and an absence of foliate collabral scup-
ture. Ariadnaria obstricta diflers from A. aldersoni by
being larger, having fewer spiral cords that are much
stronger d.l]([ much more widely spaced. and lacking a
flS(]()lt‘-m\C ridge bounding the chink-like umblhcm
Ariadnaria ob.sz‘m ta dilters from A. stibara by having
angulate whorls, fewer spiral ribs tlult are uch stronger
(md much more widely spaced, and a more de nnnl\(‘d
abapertural edge of the inner lip.

Subfamily Lysinae new subfamily

Description:  Small to moderately large (15 to SO mm
in height), Tow turbinitorm to almost lldhotlfonn barely
siphonate shells with spnd] vibbing. Final whorl some-
what to greatly enlarged: spire very xlu)rt aperture large,
nearl (Il(llldl to ¢ lnnmt(‘ oval; columella and inner 111)
attened, expanded, .ul(l depre swd to torm a shelf within
the apertire: some with shell that spirals into an “umbi-
hens.”

Discussion:  The subfumily Lysinae includes Lysis
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Gabb, Garzasia new genus, and probably Spirogalerus
Finlay and Manwick, 1937, These gastropods are inter-
mediate in form between tu(hotmpmc\ and calyp-
tracids. If their characteristics were better known, some
other species such as those discussed under Global Dis-
tribntion of Cretaceous Lysiform Gastropods, probably
could be included here, some as Lysis or Garzasia others
in as vet undescribed genera.

Genns Lysis Gabb, 1864
Tropidothais Cox, 1925: 213-214.

Type Species:  Lysis duplicosta Gabh, 1564, by mono-
typy (Stewart. 1927: 345); Campanian of Pacific slope of
North America.

Description:  Turbinate to crepiduliform gastropods
with a rapidh expanding whorl (hdmetel having the col-
umella/imner lip flattened, expanded, and submerge(l to
form a narrow to broad shelf or deck. Shell sculptured by
spiral cords or smooth. Nonumbilicate. Aperture with
verv slight anterior siphonal notch.

Discussion:  Lysis differs from Trichotropis and Ari-
adnaria in having the inner hp completely appressed to
the columella. T\pl(al Lysis (i.e., the group of L. dupli-
costa) has a carinated whol in the juvenile stage and a
few moderately strong to strong spival cords. The stron-
ger spirals are t\“plCdH\ scalv. lncluded in this group is L.
dupllrosz‘a and the follomlw new species: Lysis mickeyi,
L. jalamaca, and L. lomaensis. The aroup of Lysis sucien-
sis has a more rounded whorl profile and more subdued.
finer spiral sculpture: included in it is L. suciensis.

Group of Lysis duplicosta

The genus Lysis was proposed by Gabb (1864) for a
low=spired, turbiniform gastropod with a depressed inner
lip. He had only immature specimens of a single species
(i.e., the tvpe species) and did not recognize their simi-
]ant\ to genus Crepidula Lamarck, 1199 He gave no
indication of the familial affinities of Lysis, other than
stating the general form is like genus Stomatia Helbling,
1779,

During the last 127 vears, Lz/szs has been placed in at
least 11 families scattered among “archaeogastropods” to
the neogastropods. A review of this placement history is
given here. Species that were eventually placed in Ll/sm
were originally placed in Stomatia of the Stomatellidae
Gray, 1540, by Whiteaves (1879, 1903) and White
(1859). Stoliczka (1S67-186S: 157-15S) suggested that
Lysis should be placed near Separatista Gray, 1847, in
the Tri(hotropidae Gray. 1850, in the event that Lysis
does not belong in either the Naticidae Guilding. 1534,
or the Velutinidae Gray. 1840. Fischer (1855) placed
Lysis in the Naticidae near Eunaticina Fischer, 1SS5.
Trvon 115854: 112) did not hesitate to refer Lysis to the
Muricidae Rafinesque, 1515 (as Murexia) [= Purpuradae

Children, 1523]. but on page 208 Tryvon suggested a re-
]dtl()llS]llp to Velutina Fleming, 1821, of the Lamellari-
idae d'Orbignv. 1541. Cossmann (1903) wrote that Lysis
could not be a muricid but must be placed near Fossarus

Philippi, 1841, presumably in the Fossaridae Adams,
1560, where Stewart, 1927, Rennie (1930), Wenz, 1940,
and Anderson (1958) also put it. Cossmann (1925) con-
sidered Ljszs to be a subgenus of Micreschara Cossimann
(1891) in the family Vdn]l\ox(ndae Gray, 15840. Dall in
Eastman (1913) and Packard (1922) placed Lysis in the
“Thaisiidae”™ (=Thaididae) Suter, 1909. Saul (1959) and
Saul and Alderson (1981) placed Lysis in Calyptraeidae,
and, in 1990, Saul included it in superfamily Calyptrae-
oidea. Kase (1990) discussed previous taxonomic treat-
ments of Lysis and suggested that, based on its inner lip
shelf, the genus mould be placed within the Calyp-
tracidac Lamarck, 1799. Bandel and Riedel (1994) and
Kiel and Bandel (2003) supported this placement. Cox
(1925) named and described genus Tropidothais Cox,
1925, which is a junior synonymn of Lysis. He based
Tropidothais on T. africana Cox, 1925, {rom the Maas-
trichtian of Mozambique [formerly Portuguese East Af-
rica] and tentatively placed his genus in the Thaididae
Jousseauwme, 1888, Upon realizing its similarity to Lysis,
Cox (in Renmnie, 1935) svn(monnzed the two genera and
placed Lysis in the Stomatellidae. In this p1esent paper,
we place Lysis in the family Trichotropidae, subfamily
Lysinae because Lysis appears to have evolved from tri-
chotropids by expanding the columella/inner lip area
(width and lenvth) to form an interior shelf suggestive of
the eal\ptlaeld Crepidula.

Lysis mickeyi new species.
(Figures 11-16)

Diagnosis: A relatively high spired Lysis with eight or
nine strong cords on last whorl; shelf moderately broad,
somewhat depressed, and shallowly concave.

Description:  Shell medium small (height approxi-
mately 20 mm), turbiniform; whor} ploh e overall
rounded with medial angulation on last whorl; spire mod-
erately low and dpploumatelv 30% of total shell height;
aplcal angle approximately 90°; pnotoeoneh 1.5 \\holls
low and smooth; teleoconch whorls 3.5, moderately ex-
panding and last whorl tapering anteriorly: suture abut-
ting and becoming laxly channeled on later whorls; sculp-
ture of strongly 1alsed cords, either moderately closely
spaced or \\qdeh spaced; penultimate whorl with two to
six and last whorl with eight or nine strong spnals with
variable number (two to ﬁ\ e) of finer spnals in inter-
spaces; both cords and interspaces crossed by fine colla-
bral ribs. producing beaded appearance; ancfu]atlon mod-
erately strong on last whorl. coincident mtll strongest
spiral cord; 5pm1] cord anterior to angulation nearly same
strength. thereby producing bicarinate appearance to
medm‘ part of last whorl: aperture large, oblique, barely
notched anteriorly; outer lip simple; shelf mod(mtel_\
broad, somewhat depressed, and shallowly concave.

Holotype: LACMIP 13374, height 13 mm. diameter
9.5 mm, spire helgllt 3 mim.

Paratypes:  LACNIP 13375 (rom LACMIP Joc. 23617
and 13376 and 13377 from LACMIP loc. 10757.
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Figures 11-28. Lysis species. TI-16. Lysis miukcyi new species. H=12, Paratype LACNHP 13375 LACNHP loe. 23617, height
21 mm. diameter 16 mm. 11 Apertural view. 120 Right-lateral view. 13, Paratype LACMIP 13376, LACNIP loc. 10757 left-lateral
view, height 9 i diameter 11 mue 140 Holotype LACNHP 13374 LACNIP loc. 10757, abapertural view, height 13 inm, diameter
9.5 . 153=16. Paratype LACNIP 135377 LACMIP loc. 10757 height 5 min, diameter 9 mm. 15, Left-lateral view. 16. Apical view.
17-28. Lysis duplicosta Gabb, 1564, 17, Plasto-lectotype of Stomatia suciensis carinifera Whiteaves, 1879, CGS 5772, height 10 mm,
diameter 195 mm. 18-19. Hypotype LACNIP 1337S, LACNHYP loc. 2412s. 18. z\peﬁural view, vertical dimension 27 mm,
Liorizontal dimension 21 mm. 19, Abupertural view, height 22 mim, diameter 26.5 min. 20-21. {hypotype LACMIP 13379, LACMIP
loc. 24340, 20, Ap('dm‘ul view, vertical dimension 28 mm, horizontal dimension 25 mm. 21. Lateral view. vertical dimension 13 mm.
horizontal diameter 29.5 nim. 22-23. Hypotype LACNHP 13350, LACMIP loc. 24340, height 19 mm. diameter 1S mm. 22,
Apertural view. 23, Abapertural view. 2-46 Hypotype LACNIP 13351 LACMIP loc. 24340, abapertural view, vertical dimension 28
i dizaneter 37.5 min. 23, Thpotvpe LACNIP 13382, LACNHP loc. 24349, abapertural view, height 17 mm. diameter 22 mm. 26.
Hypotype EACMIP 133830 LACNHP loc. 10095, crushed specimen, abapertural view, height 24 mm, diameter 22.5 mm. 27,
Tvpotype LACNIP E3354 LACNHP Joc. 26951, abapertural view. height 21 . diauneter 25 nnn. 28, fhvpotype LACMIP 13385,
EACAIP loc. 213140, abapertiral view, height 7.5 i, diameter 12 mm.
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Type Locality:  LACMIP Joce. 10757

Distribution: H( ‘dding Formation, Bear Creek Sand-
\tone AMember of lldmnut tarea 3) on Bear Creek. Shasta

. Chico Formation, top of Ponderosa Way Member
and Musty Buck Member (200 m to 630 m above the
base of the section) (area 53 on Chico Creek, Butte Co.:
basal Tuna Canvon Formation (area 17) at hicad ol Ga-
rapito Creek. Santa Monica Mountains, Los Angeles Co.,
Calilornia.

Gco]ugic Age: Curl_\' Coniacian to Santonian.

Discussion:  The above description is based on S0
specinens: most of these are from LACNIP locs. 10546
and 23617, Most specimens are internal molds. Many
show endobiont boreholes, especially on the spire
whorls. Two specimens show the p]otocond] The oldest
specimen is from LACMIP loc. 26967 in the Santa
NMonica Mountanis.

Luysis mi(‘kc'yi resembles Lysis sucicnsis (Whiteaves,
1579) in height of spire but is closer to L. duplicosta in
sculpture. Lysis mickeyi differs from L. duplicosta i
having a higher spire, less expanding last whorl, mmch
less e\panded shelt, more oval aperture. and thinner spi-
ral cords. Lysis wmickeyi greatly resembles Trichotropis
obstricta (\White, 1589, but on L. micker i the spival ribs
are less regular, and its spire is slightly lower. In addition,
L. mickeyi lacks an umbilical chink and a free-standing
imer lip.

Lysis mickeyi is the earliest known Lysis from any-
where in the world.

Etvmology:  Named for Mickev of Mickev's House on
Chico Cxeel\ near the locality, LACNMIP 23617, from
which the species was first 1eu)gml,od.

Lysis duplicosta Gabb, 1564
(Figures 17-25)

Lysis duplicosta Gabb. 1864: 138, pl. 21, fig. 95a-95¢; Tryon,
1653: 112, pl. 4, fig. 25-26; Cossmann, 1903: 70: Stewart.
1927: 343-346, pl. 21, figs. 7. Ta; Anderson, 1955: 169.

Stomatia sucicnsis variety ((mmﬂ ra Whiteaves, 1879: 125-129,
pl. 16, fig. 5

Lysis oppansus MWhite, 1589: 17, pl. 4, figs. 14-15; Anderson,
195S: 169.

Lysis suciensis var. carinifera (\Whiteaves) —Whiteaves, 1903:
367, pl 45, fig. 4.

Micreschara ( Lysis) duplicosta ( Gabb) —Cossmann, 1925: 173,
pl. 9. figs. 6. 21.

Lysis dup/zmsmtﬂ Gabb.—\Wenz, 1940: 850, fig. 2557 (veprint
of Stewart, 1927); Elder and Saul. 1993: pl. 2, figs. 14-15.

Lysis carinifera (Whiteaves).—Anderson, 195S: 170.

2 Lysis duplicosta carinifera (Whiteaves).—Dailey and Pope-
noe. 1966: 6.

Not Lysis dup[zmsm Gabb.—Saul and Alderson, 1981: 35-36.

pl. 3. figs. 3+ [= Lysis suciensis (Whiteaves fl(]( Saul,
1990]
Diagnosis:  Variably sculptured Lysis. with many fine
1 -

Lord]ots or with six to eight strong cords, including
prominent (often {lange-like) carina on periphery; (01—
umella and inner lip depressed and expanded to form

crescentic shell, occupying at least one third ol aperture
in larger specimens.

Deseription:  Shell medium size (height np to approxi-
matelv 26 mm), neritiform to (1@1)1(]11]11()1 m; spire mod-
erately low, approximately 20% ol total shell height; pro-
toconch 1.5 whortls, low and sinooth: teleaconch approxi-
matelv two whorls, overall 1()11])(1( d, enlarging verv
‘11)1(11\' and medially carinate; sc u]ptme (onsntm«f of
spiral ribs, genemll) six to eight prominent ones, bnt
liighly variable in number, spacing, and strength; periph-
erv alwavs demarked by very strong (occasionallv [Tange-
like) cann, located anteriorly ol medial position on spire
whorl and located medially on last whorl; remainder of
whorls covered by spiral s¢ ulptmc ranging from numer-
ous closely spac ed fine cordlets to seve m] \\1(]6]\ spaced
modemtel\ strong (can alternate in strengtly) cords. with
111t0151)(1cc< smooth or bearing many cordlets or threads:
cords Just anterior and., to a l( 'sser (](*Glﬁ(‘ Jnst poste rior
of medial carina on last whorl (onnn()nl) approaching
strength of medial carina, therebyv imparting either a bi-
carinate or tricarinate appearance to whorl prolfile; aper-
ture circular with a S(.dl((]\ discernable anterior canal
notch; (ll)del"tllldl edoe of aperture sharply demarked by
raised cdge; inner 111) and columella flattened, and ex-
panded to form shell; shelf moderately wide (ocenpying
at least one third ol aperturc in larger specimens), sub-
merged within the uperture, wrapping Lar past suture and
attached to imside ol outer lip: medial part of onter lip
digitate.

Lectotype:  Of Lysis duplicosta UCNIP 11975, heiglit
10 mm, diameter 19.5 mn. Gabb (1864) did not indicate
a llolt)t) pe. Merriam (1893) recognized UCMP 11975 as
the lignred specimen. Stewart's (1927) statement that
this is the type specimen is taken as designation of lec-
totype.

Paralectotype: Ol Lysis duplicosta ANSP 4242,

Syntypes: Stomatia sucicnsis variety carinifera
Whiteaves, 1879, CGS 3772, a-d (Bolton, 1963).
Whiteaves (1903: 1)] 16. fig. 5) figured one of the five
syntypes CGS 5772

Holotype:  Of Lysis oppansus White, 1859, USNM

20115.

Hypotypes: Ol Stomatia sucicnsis carinifera, CGS
5939 (Whiteaves. 1903); Of Lysis duplicosta TLACNITP
13375-13355; USNNI 465555, 465556.

Type Locality:  Of Lysis duplicosta, Texas Flat, near
Rock Corral. from a mine shaft at a depth of 12 m [40
ft.]. near the Placer-Sacramento Co. line, Placer Co.,
northern California: Ol Stomatia sucicusis carinifcra, Su-
cia Island, San Juan Co., Washington. Ol Lysis oppansus,
Pentz Ranch. Butte Co., northern California.

Distribntion:  Cedar District Formation. Nanaimo Ba-
sin. (arca 1) Vancouver Island area, southern British Co-
lumbia and (area 2) Sucia Island. San Juan Co.. Wash-
ington: Clico Formation, Ten Mile Mewber on (area 3)
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Chico Creek and Musty Buck Member along (area 6)
Dry Creek, near Pentz, Butte Co., California; Chico For-
mation, (area 7) Granite Bay and Texas Flat, Placer Co.,
California; Pigeon Point Formation, southern sequence,
(area S) north of Pigeon Point, San Mateo Co., Califor-
nia; ]ulama Formation, (area I12) western Santa Ynez
Monntains, Santa Barbara Co., California; Ladd Forma-
tion, uppermost Holz Shale Member and Williams FFor-
mation, Schulz Member, (area 18) Santa Ana Mountains,
Orange Co.. California.

Geologie Age:  Campanian.

Discussion: The above deseription is based on 101
specimens: most of these are from the Pentz area (LAC-
MIP loc. 24340). At any locality, most of the specimens
are internal molds. Some show endobiont boreholes.
One specimen, LACMIP 13385 (Figure 2S), shows the
shape of the protoconch.

The holotvpe of Lysis duplicosta is a juvenile and had
not vet developed the wider deck of an aduit. The largest
specimens of this species thus far found are from the
Musty Buck Member of the Chico Formation at LAC-
MIP foc. 24340 near Pentz (area 6). The specimens are
from a matrix-supported pebble conglomerate richly fos-
siliferous in ptaces. The fanma, which includes seraps of
cypraeids, suggests warm, shallow water. Lysis duplicosta
is very rare in the coeval Ten Alile Member on Chico
Creek (area 5) which probably 1epmsents deeper water
than at LACMIP 24340, and the specimen from LAC-
MIP oc. 23639 on Chico Creek may have been trans-
ported downslope.

The strength of the cords, especially of the strongest
one, varies (rledtly between individuals, Gabb's speufl('
name refers to a doubled appearance of each major cord,
but Gabb’s (1564) sharp, deep channel along the strong
ribs results from the wearing or breaking oft ()f the 5mles
on the ribs.

Dailey and Popenoe (1966: fig. 3) listed Lysis dupli-
costa carinifera from the Jalama Formation at LACNITP
loc. 2412S. This somewhat distorted specimen (Figures
18, 19) has some stronger ribs as in L. duplicosta, but
llhl\ represent a strong Tibbed variant of L. Jjalamaca. 1t

([ll;)h(‘mtu it is the ﬂeol()tn(dﬂ\ voungest specimen of
this species.

Rennie (1930: 1935) described two species of Lysis
from the Umzamba Formation of the Lastern Cape
Province (formerly Pondotand), South Atrica, one of
which Lysis capensis Rennie, 1930, is very similar to L.

duplicosta. According to Klinger and Kennedy (1950),
the lower Umzamba Formation at its type locality is lat-
est Santonian or earliest Campanian in age and, there-
fore, similar in age to the Chico For mation near Pentz,
Butte Co., thfomm where L. duplzwst(z is common.
Rennie apparently had only two specimens of L. capensis
which he said had six stout, sharp, spiral ribs. His holo-
type is small, similar in size to the holotype of L. dupli-
costa. and both apparently have a relatively narrower
deck than is found in large specimens of L. (lup]zmsm

Kase’s (1990) report of L. duplicosta in the Chats-
worth Formation is based on a misidentification of L.
suciensis in Saud and Alderson (1981).

Ly.sis jnlmnam new species

(Figures 29-36)

Lysis duplicosta Gabh.—Dailey and Popenoe, 1966: 6.
Not Lysis duplicosta Gabb, 1564.

Diagnosis: A Lysis with sculpture of fine spiral
cordlets of alternating strength and within the aperture
the shelf wrapping consider: 1b1\ past suture.

Description:  Shell medium size (height up to 26 mm),
crepidudiform, with rapidh expanding whorls; spire low.,
and approximately 30% ot total shell height; plotoconch
1.5 whorls, low and smooth: teleoconch approximately
two whorls. well rounded; whorls flattened adjacent to
suture:; periphery near mid-whorl height; suture abutting
just below periphery: growth line prosocline, oc casmna]ly
forming collabral wrinkles: sculpture consisting of nu-
merous closely spaced fine spiral cordlets dltematmg in
strength and somewhat scaly; cordlets strongest at and
near p(lnphm} where two or three can be 5t10ng( r be-
coming cords and the scales bead-like, with approxi-
mately three cordlets in interspaces: aperture ovoid, its
abapertural margin sharply demarked and steeply de-
scending; inner lip and columella flattened and expanded
to form shelt: shelt narrow anteriorly becoming moder-
ately wide medially, submerged within apemue wrap-
ping past suture and attached to inside of onter tip.

Holotype: LACMIP 13356, height approximately 35
i, dimmeter 34 mm.

Paratypes:  LACNIP 13357 (LACMIP loc. 24137)
-133SS (LACMIP loc. 24122) and SDNHN 114595,

114596 (SDNTIN {oc. 3405).
Type Locality:  LACMIP loc. 24137, Jaluma Forma-
tion.

Figures 29-39.

Lysis species. Specimens coated with ammoninm chloride. 29-36. Lysis jalamaca new species. 29-30. Holotype

LACNMIP 13356, LACMIP loc. 24137, 29. Apertural view, vertical dimension 34 mm, horizontal dimension 30 mm. 30. Abapertural
view, vertical dimension 27 mm, diameter 34 mm. 31-32. Paratvpe LACMIP 13357, LACMIP loc. 24137, 31. Left-lateral view,
height 18 mum, horizontal dimension 9 mm. 32. Lateral view, vertical dimension I1.5 mm. diameter 25 mm. 33. Parutvpe LACMIP
13355 LACMIP loc, 24122 abapertural view, height 11 mm, diameter 13 mm. 34, Paratypes SDNTIN 114595 and 114596, SDNTIM
loc¢. 3403 on onter 11]) of volute gastropod anwnm/m cumeka Sanl and Squires, 2008 (SDNTINE T0974). SDNTIN loc. 3405, height
133 mm, diameter 33 mm. 33-36. Posteriormost paratype SDNTIN 114596 on volute shown in previous lignre. 33. .\hdpt‘ltllldl
view, height 13 mm, diameter 20 mm. 36, Oblique apical view. vertical dimension 17 nun. diameter 20 nun. 37-39. Ll/\ls lomacnsis
holotvpe SDNIINM 671500 SDNTIN loc. 3403, height 22 mim, diameter 23 mim. 37, Apertural view. 38, Abapertural
view. 39, Apical/lateral view, vertical dimension S mm, diuneter 23 mm.

nesw speciet
I
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Distribution:  Julama Formation, (area 12) western
Santa Yuez Mountains, Santa Barbara Co.: Debris Dam
Sandstone, (arca 13) Agua Caliente Canyon, San Rafael
Monntains, Santa Barbara Co., California; Chatsworth
Formation, npper part (area 16) at Lang Ranch, Ventura
Co., California: Point Loma Formation, (area 19) near
Carlshad. San Diego Co., California; Rosario Formation,
(area 22) Caiion San Fernando, northwestern Baja Cali-
fornia, Mexico.

Geologic Age:  Late Canpanian and early Maastrich-
tian.

Discussion:  The above deseription is based on 13
specimens. The best preservation oceurs in the Point
Loma Formaton near Carlshad.

Lysis jalamaca is similar to L. sucicnsis but has
coarser, more scaly costae thaw L. suciensis, and available
specimens ol L. jalamaca are smaller and less elongate
than are large specimens of L. suciensis. Lysis jalamaca
is also similar to L. duplicosta in having variable sculp-
ture and in having the strongest cords on the periphery,
but L. jalamaca is less angulate at the periphery and has
weaker cords there. In addition, L. jalamaca dillers from
L. duplicosta by being more elongate, having finer sculp-
ture, and having the shelf broader posteriorly. The speci-
men (LACMIP 13378, Figures 15, 19) from the Jalama
Formation has ribbing similar to L. duplicosta, but its
shelf appears to wrap farther onto the interior of the
outer whorl than is usual lor L. duplicosta.

Etymology: The specifie epithet, a name in apposi-
tion, reflects the new species occurrence in the Jalama
Formation, Santa Barbara Co., Calilornia.

Lysis lomacnsis new species
(Figures 37-39)
£

Diagnosis:  Lysis with low spire and last whorl bearing
numerous flanged carinae separated by wide interspaces
bearing several spiral threads.

Description:  Shell medinm size (up to 17 mm lieight
and 30 mm diameter, same specimen), neritiform (last
whorl rapidly expanding); spire very low, approximately
10 to 15% of shell height; protoconch 1.5 whorls, low and
smootln; teleoconch 2 to 2.5 whorls, very carinated; su-
ture abutting just anterior to periphery: sculpture con-
sisting of up to 11 strong cords; cord at periphery and
next three cords posterior of periphery very thin, flanged,
and protruding (with cord at periphery protroding most):
posteriormost part of last whorl (in vicinity of suture)
with approximately three low scaly cordlets: up to three
beaded to lowly spmose cordlets anterior to medial ca-
rina at periphery; interspaces between all cords wide and
bearing up to seven spiral threads (occasional thread can
locally develop into small Tanged cord); arca anterior to
medial carina can be covered with only fine cordlets;
aperture circular with margin sharply demarked by
raised edge; shelf moderately wide, wrapping past suture
and attached to inside ol outer lip: posterior half of outer
lip digitate.
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Holotype: SDNHNM 67150, height 22 mm. diameter
23 mm.

Paratype: SDNIIM 67152 from SDNIIM loc. 4071.
Type Locality:  SDNHNM loc. 3403

Distribution: Basal San Francisquito Formation,
(arca 14) Warm Springs Mountain, Los Angeles Co.;
Point Lona Formation, (area 19) San Diego ‘Co.. Cali-
fornia: Rosario Formation, (area 21) five l]]l](‘b cast of La
Mision, northwestern Baja California, NMexico.

Geologic Age:  Latest Canpanian to late Maastrich-
S fl
tian.

Discussion:  Five specimens were studied. Preserva-
tion is generally excellent for three specimens from the
Point Loma Formation near Carl sbad, although the pro-
toconch ol the holotype is imperfectly pwser\ed The
111u)mplete crushed specimen from Warm Springs
Mountain is from beds of Tatest Maastrichtian age at the
base of the San Francisquito Formation (LACMIP loc.

14310). Although the abapertural side is not available,
the Hatness ol the apical whorls suggests that it is prob-
ably L. lomacnsis.

The new species is most similar to Lysis duplicosta but
available specimens are smaller than a large L. dupli-
costa. Lysis lomacnsis also has a lower spire. more cari-
nate last whorl (especially posterior to the medial carina),
and spiral threads on interspaces between carinae.

Abaperturally, L. lomaensis is similar in shape and
sculpture to Garzasia intermedia, bt L. lomaensis has a
lower spire and in the apertural view the shelf margin is
less arcuate, not sigmoid, and the shelf does not spna]
into the umbilicus.

Group of Lysis suciensis

The group of L. sucicnsis differs [rom that ol L. dupli-
costa in having a more elongate aperture and finer spiral
sculpture.

Lysis suciensis (Whiteaves, 1879)
(Figures 40-50)

Figures 40-30.  Lysis suciacusis (Whiteaves, 1579). Specimens coated with ammoninm: chlonde. 40—41. Hypotype LACNIP
13359, LACMIP loc. 26020, 40. Apertural view, vertical dimension 44 mm, horizontal dimension 40 mm. 41. Abapertural view,

height 25 mm, diameter 43 .

4213, Hypotype LACNIP 13390, LACNHT loc. 10711 420 Abapertural view, height 1§ mm.

diameter 26.5 mm. 43, Lateral view. vertical dimension S mm, diameter 26.5 onn. 4 Tvpotype LACNIP 13391, LACMIT loc.

10095, Jateral view, vertical dimension 5 mm. dimeter 12,5 mme 45, Hhpotvpe LACMIP 133920 Canion San Fermando, 32 km
sontheast of El Rosario, Baju Calilornia. Mexico, abapertaral view, height 15 wmim diameter 21 minn 46-30. Thpotvpe LACMIP
10495 LACNIP loc. 26020, #6—47. Vertical dimension 70 mmn, horizontal dimension 35 nm. 46, Apertural view. 47, Abapertural
view. 48, Right-lateral view vertical dimension 70 mm, honzontal dimension 25 . 49. Slighth obhqne right-lateral view, vertical

5

ditmension 70 mm. horizontal dimension 27 . 30. Lateral view, vertical ditension 25 1, hovizontal dimension 36 mn.
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Stowatia suciensis Whiteaves, 1879: 125-129, pl. 16, lig.

Lysis sucicasis (Whiteaves).—Whitcaves, 1903: 367, pl. 45, fig.
3. Stecheson. 2004: 60-62, pl. 2, figs. 4-5.

Lysis californiensis Puckard‘ 1922: 431, pl. 37, figs. 2-3; Sta-
dum. 1975 pl. 2, fig. 12.

Lysis duplicosta G Saul and Alderson, 19S1: 36, pl. 5,
figs. 3—4. Not. l,y.xz.\ duplicosta Gabb, 1864,

Diagnosis:  Medium to large Lysis. shell elongate with
fine, usuallv wany cordlets, sculptire obsolete on arge
specimens.

Description:  Medium to farge (leight up to 84 mm),
crepiduliforn, elongately o\pamlul spire moderately
ligh to low. dppl()d(‘hmv Thorizontal coiling, and approxi-
mateh 30 to 35% of total shell he ight; protoconch ap-
p]()\]l]]dt(‘l\ 1to lo whorls. low and \m(mtl] teleoconch
approximatelv 1.5 to 2 whorls, whorls subcarinate to
rounded: peripherny near one-thivd whorl height; suture
abutting just anterior to periphery, (lescon(lmg. growth
line slightlv to moderately parasigmoidal, with sinns at
posterior end of outer lip on large. smooth individuals:
sculpture consisting of fine narrow cordlets, usnally
Wavy, ;ﬂtemating mn strength, with narrow terspaces:
aperture elongate ovoid. its '1]);11)011111"1[ margin sharply
demarked and ste eph descending: inmer l]p and col-
umella flattened and expanded to lorm crescentic and
moderately wide deek submerged within aperture, pos-
terior end attached to inside of onter lip; immer deck
margin concavely curved.

Syntypes: Of Stomatia sucicusis CGS 5771, a—d.

Lectotype (here chosen):  Of Stomatia suciensis CGS

53771, height 66 nn.

Paralectotypes:  Of Stomatia suciensis CGS 577)a—
CGS 5771d.

Holotype:  Of Lysis californicnsis UCNIP 12287
Paratvpe:  Of Lysis californicnsis UCNP 12288,

Type Locality: Stomatia sucicnsis. Sucia Island. San
Juan Co.. W ashmvton Of Lysis californiensis, UCNIP
loc. 2167, Santa Ana Mountains, Orange Co., California.

Figured Specimens: LACMIP 10495, 13359, from
LACNIIP loc. 26020: LACNIP 13390 fromn LACNIIP
loc. 10711: LACNIP 13391 from LACNIP loc. 100953,
LACNIP 13392 from the Rosario Formation, (area 22)

26 km east of coastline at elevation 200 m on west side of

Cafion San Fernando. 15 km north of NMesa San Carlos,
approsimately 32 k. southeast of EI Rosario, Baja Cali-
fornia, Mexico.

Distribution: Upper Cedar District Formation, (area
1) Denman Island, Gulf Islands, British Columbia;
Lower Cedar District Formation, (area 2) Sucia Island.
San ]uan Co., Washington; Cliico Formation, (arca 7)
Granite Bav, Placer Co. Jalama Formation, (area 12)
western Santa Ynez Mountains. Santa Barbara Co.; Chats-
worth Formation, (area 16) Bell Canvon and Davton
Canvon. Simi Hills, Ventura Co.. California: Ladd For-

mation, upper Holz Shale Mewmber, (area 15) Santa Ana

Mountains, Orange Co.. California; Rosario Formation
(arca 22) at Caion San Fernando, 26 ki SE of El Ro-
sario Baja California; Valle Formation, (area 23) 10 km
north from Punta Abreojos, Baju California Sur, Mexico.

Geologic Age:  Late carly Canpanian and carly Maas-
trichtian.

Discussion:  The above description was based on 107
specimens. The deck of simaller speciniens is rather nar-
row and attaches to the base ol the previous whorl, Smiall
speeimens are rounded, larger specinmens more elongate.
I Jarger specimens the shelf is broader and its posterior
end attaches to the inside of the outer lip. Several speei-
mens, especially the larger specimens, have an obtusely
biangulate whorl almp]ml to the peripliery. Most speci-
mens from Sncia Island are of small size and badly
weathered, but Whitcaves's largest specimen (1879: 129,
pl. 16, fig. 4), here designated as leetotype, was indicated
by him to be “two inches and a hall in fength™ (ie., 66
mm). The specimen from Bell Canvon (area 16) of Fig-
ures 46-50. lucking its spire and with its onter lip broken,
is 75 mm high.

The ribbing on farger specimens fromn the Chatsworth
Formation in B(mll and Davton canvons, Sini Hills (area
16) tends to hecome [ainter toward the onter lip espe-
cially on the posterior slope. The specimen figured (Fig-
ures 40, 41) retains ribbing aronnd the penplu v, but the
ribs fade posteriorly tow md the aperture. llmcrht range
of the simoother specimens is 45 to 76 1m (mwmp]( t(')
making these the largest specimeus thus far found of
Lysis. “The lar cest of these specimens are larger than
representatives ol most species of Crepidula: (nﬂ\ Gran-
dicrepidula princeps (Conrad, 1856), attains a larger size.

Genus Garzasia new genus

Type Species:  Garzasia diabla new species from the
“Garzas Sund” Member of the Moreno Formation, Stani-
slaus Co.., Calilornia; mid Maastrichtian.

Description:  Very low to moderately high spired. Ca-
lyptraca-like shell with weak to strong spiral cords, ap-
erture very broadly expanded and fm]mwT hase of shell,
shelf attached marginally. surrounding the umbilicus,
and spiralling into it.

Discussion:  Garzasia is most similar to Lysis but dil-
fers from the latter in that the deck surrounds and spirals
into an nmbhilicus somewhat as in Calyptraca hut with o
wider more open nmbilicus. It differs from Calyptraca in
having a sturdier shell attached inarginally as in Trochita.
It (hﬁcl.s frows Troclita (Figure 71) in ln\m'r the shell
crescentic with an arcuate to slightly .slgnml(ldl shelfal
edge, the axis of spivialing of its shelf off center, and
external ribbing spiral rather than protractive,
Etymology: Thie genns Garzasia is named for the
“Garzas Sand” and Garzas Creck, Staniskms Co., Cali-
fornia.

Garzasia intermedia (( ooper, 1894)

(Figures 51-54)
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Figures 51-38.

Species of Garzasia new genus. 51-54. Garzasia intermedia ((,oopc

1894). 51-32. Plasto-lectotype of CASG

609, Point Loma Formation. 51, Apel‘tuml view, vertical dimension 21.5 mm. 32. Aplcal view, diameter 19 min. 53-54. Hypotype
SDSNH 67149, SDSNH loc. 3403, 53. Apertural view. vertical dimension 61.5 mm, diameter 64 mm. 54. Left-lateral view of spire
above posterior part of aperture, height 20 mm, diameter 64 mm. 33-38. Garzasia diabla new species. 35-57. tiolotvpe LACMIP

13393, LACMIP loc. 2238S. 535. Apel‘tural view, vertical dimension 36 mm, diameter 37 mm. 56. Abapertural view, vertical
dimension 34 mm, diameter 37 mm. 37, Side view of spire above posterior part of aperture, height 18 mm. diameter 37 mm. 38.
Paratype LACMIP 13394, LACMIP loc. 26353, slightly oblique lelt lateral view (partial ﬁpccmwn) height 29 mim, diameter 9 mm.

Stomatia intermedia Cooper, 1894: 46, pl. 3 ftig. 43 [re-
figured in Yates, 1903: pl. 3, fig. 43].

Lysis intermedia (Cooper).—Anderson, 1958: 170; Coan.
19S1: 165, fig. 12 [reprint of Cooper’s pl. 3].

Diagnosis:  Large Garzasia, haliotiform, carinate on
periphery, sculpture elsewhere consisting of several low
spiral cords separated by wide mtelspdces bearing up to
10 spiral threads, shelf ve ery broad, with arcuate to
slightly sigmoidal margin.

Description:  Large size (height up to 37 mm, diam-
eter 68 mm, same specimen) lmllotlfonn with very rap-
idly expanding last whorl; plotoconch unknown; spire
]11;,11]\ variable in elevation. ranging from 50 to 85% of
total shell height: suture abutting below periphery:
growtl line prosocline; sculpture consisting of commonly
five spiral cords; periphery carinate and bmnna stron-
gest u)]d pe nphc ral carina located anteriorly of medial
position on spire whorl but inedially on last whorl: adapi-
cal to medial carina two to three medium-strong (ords
with wide interspaces bearing up to 10 spiral threads: just
abapical to medial carina several closely spaced and scaly
medium strong cords: aperture circular; inmer lip and
columella flattened to slightly concave and expanded to
formn verv wide crescentic shell su bimerged within aper-
ture; pust( rior end of shelf surrounds 11111[)111( ‘us and spi-
rals into it.

Lectotype:  CAS 609 (formerly CSNB 13742), height
6.4 mm, diameter 22.6 mm (incomplete).

Type Locality: Califor-

nii.
Figured Specimen: SDSNH 67149 [rom SDSNH
3403,

Point Loma, San Diego Co.,

Distribution: Point Loma Formation, (area 19 and 20)
San Diego Co.. Calilornia,

Geologic Age:  Latest Campanian and early Maas-
trichtian, Baculites lomaensis zone.

Discussion: The above description was based on six
specimens, of which preservation is generally good to
excellent.

Cooper’s (1894) figure 43 line drawing is actually a
combination of three specimens. The lectotype (CASG
609) is designated by us and is photographed here (Fig-
ure 51) for the lirst time.

Garzasia intermedia dilfers from G. diabla new spe-
cies in achieving larger size, having weaker carinae with
the medial carina bemng most prominent, aud having spi-
ral threads in interspaces between carinae.

Garzasia intermedia is somewhat similar to Sigapatella
Lesson, 1830, some species of which [e.g., Sigapatella
novaczelandiae (Lesson, 1830)] have splml sculpture, an
ofl-centeved apex, and w well-developed “false™ wmbili-




L. B Sand and R. L. Squires. 2008

Page 131

cus. The umbilicus ol Garzasia appears to form as the
widely expanded. flattened columella is attached medi-
ally around the axis of coiling forming a broad shelfal
area. In the holotvpe of G. interine ([m and some other
specimens this area is an open, funnel shape, but in oth-
ers the area is more or less lilled, resulting in shelves with
diftering “umnbilical” development from a moderate to
deep d?pl(—‘b\l()l] The shelfal edge of Garzasia differs
from that of Sigapatella in llomg signioidal rather than
arcuate.

A large specimen SDNHM G7149/3403 has faint
markings at each end of the shell which resemble muscle
sears.

Garzasia diabla new species
(Figures 35-3S)

Diagnosis:  Medium sized, Calyptraca-like, with mod-
erately high spire, having three to four equal-strength
carinate ribs with wide interspaces.

Descr 1pt10n. Medium to moderately large size (up to
30 mm in height), Calyptraca-like shell with rapidly ex-
panding fast w horl; spire moderately high, approximately
40 to 30% of total shell height; pl()t()((mdl missing; te-
leoconch approximatelv 1.5 \\h(nls, carinate; pe 111)11913'
near one-hall whorl height; suture abutting at periphery:
sculpture consisting generally of three to four (>qna]—
strength and eqlmll\ spaced carinae with very wide iu-
terspaces aperture circular with its abapmtm al margin
sharply demarked and steeply descending; inner lip mar-
gin slightly sigmoidal: posterior end dttdch(‘(l to inside of
outer l]p dnect]\ beneath suture: shelf spiraling into um-
bilicus.

Holotype: LACMIP 13393, height 1S mm, diameter
37 mm.

LACMIP 13394 from LACMIP loc. 26353,
LACMIP loc. 22388,

Paratype:
Type Locality:

Distribution: Moreno Formation, “Garzas Sand”
NMember, (area 9 and 10) Merced and Stanislans coun-
ties. California.

Geologic Age:  “Mid” Maastrichtian.

Etymology:  The species is named for its occurrence in
the eastem foothills of the Diablo Range. Merced and
Stanislaus counties, California. The speclh( epithet dia-
bla is used as a name in apposition.

Discussion: The above description is based on eight
specimens. Preservation of the known specimens of this
species is poor. Except for the holotype. all the speci-
mens are internal molds.

This species is very similar to G. intermedia from
which it differs in having a generally lower but more
roundly inflated. spire tlmt is dppawntlx not variable in
leight. higher last whorl, much stronger sculpture, and
the basal flange wrap into the aperture to meet the ap-
ertural edge of the shelf.

EVOLUTIONARY INMPLICATIONS

The presence of both fine-ribbed and coarse-ribbed Ari-
adnaria and Lysis suggests that species of Lysis may have
heen derived from Ariednaria. During the evolution of
Lysis, the inner lip broadened (as did the columella) and
apparently moved decper into the aperture, thereby al-
lowing more room for the foot to grasp lmr(] substrate.
These changes, assumed to be a fimction ol the rapid
expansion of the aperture, were necessary in order that
the aperture could accommodate a larger foot lor attach-
ment to a hard substrate. The resultant shell shape was
utpldu]li()l n. Modern trichotropids studied by Yonge
(1962) in Puget Sound thrive on unstable shell beds. 1f
some C]ttdcc(ms trichotropids resembled the modern
trichotropids in (1) being filter teeders, (2) living on [irm
substrates, and (3) l)L‘l]]” protandrous llclmophodntes
thev would have had clmmctel]stlcs that allowed them to
evolve toward the less vagile calyptracids or crepidulids.

The inner lip of trichotropids is homologous to the
internal deck or shelf of calpytraeids, and the develop-
ment of the shell in Lysis serves as a pattern for the
development of the [lat shell in Crepidula Lamarck,
1799, and of the shelf in Garzasia for the spiral shelf in
Calyptraca Lamarck, 1799. Trichotropid and crepidulid
sculpture is predominantly spiral (i.c., in the direction of
coiling), but some calyptracid sculpture is radial or pro-
tractive.

The shell exterior of Lysis suciensis group (i.e., LjS'iS‘
suciensis hineage) is fine-ribbed to relatively smooth; in-
teriorly the columella and inner lip are {lattened and
broadened into a crescentic shelf which, as it lengthened
posteriorly, came to rescmnble a shelf of Crepidula. Fx-
cept lor its large size, Lysis sucicnsis resenbles the ear-
liest species from the Pacific slope nsually assigned to
Crepidula: namely, “Crepidula” pilewm (Gabb, 1564).
which ranges from middle Eocene to Oligocene in Cali-
fornia to Washington. Stewart (1927) and lloagland
(1977) slightly e\tcndvd the range of “C." (Spirocrypta)
pl[t nin lw synonymizing with it the late early Eocene

Spirocrypta inornata (Dickerson, 1916) and the middle
to late Eocene Spirocrypta dickersoni (\Weaver and
Palmer. 1922), bhut Vokes (1939) considered Spirocrypta
inornata of “Domengine” age to have “u funnel-like pro-
cess due to the up\\furd curving of the posterior portion
of the septa™ (Vokes, 1939, pl. 13 fig. 7) rather than the
less apparent “mmbilicus™ of S. pilewnm (see discussion
below).

Gabb (1864) origmally placed “Crepicdula’ pilenn in
the invalid genus Crypta Huniphrey, 1797 (asynonym of
Cl(’pzdnla), and subgenus Spirocr 1/;)1(1 Gubl, 1864, of
which *C )pz[(mn is the typo species. ‘Crepidula (S.)
pilenum, \\lnch is common in the Tejon Formation of
middle Eocene age in Live Ouk Canyon, I\mn Co., Cali-
fornia, has been tisured several times (e, g nll)h 1564:
pl. 29, figs. 233, 733&—]), Stewart, 1927: )] ‘7‘) figs. 2-3;
And(xs(mdn(l Hanna, 1925: pl. 13, lig. 7 (Lul\ 193S: pl.
4, fig. 19; Wenz, 1940: figs. 26604, b [re l)nnt of Stewart].
A large specimen from the late Eocene is figured In
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Kleinpell and Weaver (1963, pl. 24, fig. 11). Weaver's
(1943: 724, pl. 71, fig. 16) illustration of Calyptraca
dicgoana (Conrad) is a lapsus and is a posterior-end-up,
apemual view of “Crepidula pilewm. On page 356 he
correctly lists the figure as Crepidula pileam. Gabb's
(1564: pl 29, lig. 933a) and Stewart's (1927, pl 29. fig. 3)
show the shelf. Cabb s figure is a fascimile and Ste\vart s
is a photom aph that has l)een reproduced in other dis-
cussions of Spirocrypta (e.g., Wenz, 1940: 903, hg.
2660a). Gabb's and Stewart's hgnres are hased on lecto-
type ANSP 4221, but. unfortunately, the shelf of this
specimen is broken. Both fignres create the talse impres-
sion that there is a sinus near hoth ends of the shell and
that the middle part protrudes and is concave. An addi-
tional representative specimen (hypotype LACMIP
13395) was cleaned by the senior anthor and is illnstrated
in Fignres 59-61. Its shell (Figure 59), which is unbro-
ken. is slightly sigmoidal and long on the left side (or
anterior end) and shoﬂel on the ndht side (or posterior
end). There is also a slight conv e\m' of the somewhat
sinuous shelf as it appr (mclle the poqten()l end ol the
aperture and the shelt margin spirals over slightly to form
an indication of an nmbilicus. In addition, tl](‘ shelf is also
narrower and closer to the shell margin on the lelty

Figures 39-73. 1
1Gabb, 1864, ]I)"I)()t\])(’ LACNIP 13395, LACNHP loc. 22386, vertical dimension 3 nun. diuneter 9 nmun. 39, /\pm'tl,n‘u] view, 60.

Abapertural view. 610 Lateral view. 6264, "Calyptiraca” dicgoana (Conrad. 1855), Inpotype LACNIP |

anterior and noticeably farther from the shell margin
(deeper mto the dpemne) on the right/posterior. The
shelt of *C" pileun thus, as noted by Gabb (1864), Spl]d]S
inward toward the apex. Gabb’s ﬁmne (pl. 29, fig. 233h)
in part illnstrates this, as does Fxtrmo 59. Althouah Stcw-
art (1927) synonomized szromjptu with C)cpz(luln,
Gabb's description ol Spirocrypta recognizes this very
important characteristic, which helps to distinguish Spi-
rocrypta from Crepidula. Tn modern Crepidula forni-
cata, the shell does not spiral into the whorl apex.

Aperture/shelf teatures of Spirocrypta pilewm and S.
inornata resemble those of the early Paleocene Spirogal-
erus lamellaria Finlay and Marwick, 1937, from New
Zealand, in that the shelf of S. lamellaria is also narrower
and closer to the shell margin on the left/anterior and
noticeably farther from the shell margin (deeper into the
aperture) on the right/posterior.

Our proposed evolutionary relationship between tri-
chotropines and calyptraeids ditfers from any Ple\’lOllq
anthor’s proposal. Hoagland (1977), for C\dmple in her
study of Crepidnla Lamarck, 1799, rejected trichotropids
as direct ancestors of calvtracids and crepidulids. Hoag-
land (1977) opined that dlthOl](Th Trichotropis Blodenp
and Sowerhy, 1829, and C’upz(lulu had a common an-

Fossil Calyptracidae. 59-64. Comparative Eocence Crepichda and (’n/l/plrm'(l species. 39-61, Spirocrypta pilewm

13458, LACMtP loc. 22340,

62. Apertural view, vertical dimmension 29 mun, dicaneter 31 i, 63, Apical view, diumeter 31 mm, 64, Right lateral view, height 13
mm, diameter 31 min. 6567, Calyptraca” aperta Solander in Brunder, 1766, Invpotspe LACMIP 133 396, LACMIP loc. 7333. 65.

Apertural view vertical dimewsion t1 nun, diameter T1 nin, 66, Apical view, diameter 11 non. 67, Right-lateral view, height 7 i,
diameter 11 . 65-70. Calyptraca chinensis (Linnaens, 1758), Recent, type-species, h\pnt\pv LACNL 161651, C ]u rhonrg
Manchie), Normandie, France. 68, Apertiral view. vertical dimension 15 nm, dimmeter 145 mm. 69, Apical view, diameter 115
nun. 700 Right-lteral view, height 6 mm, dimneter 145 . 71=73. Crochita trochiformis (Born, 1778), Recent, Lype-species.
LACA loc. lot 7541, Prmaling west of I\]d Feleon, Galf ol Corcovado, Chiloe Provinee, Chile — intertidal. 7E Apertural view. vertical
dimension 40 nnng dimmeter 38 e 720 Apical view, dineter 35 ni. 730 Right-Lateral view, height 18 i,
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cestor. Trichotropis has no direct 1‘(*1;\ti()n<l]ip to Crep-
idula because Trichotropis is boreal, living in cold and
deep water and has rough sculpture, w hereas Cre pidula
had its origin in the Panamic region and is relatively
smooth \('nlptmml Her 1mpllmt1(>11x that Trichotropis is
a deep. cold-water gastropod and that Crepidula is a
shallow, warm-water gastropod are misleading. Modemn
Trichotropis cancellata (Tlinds, 1843) is intertidal in

Alaska, British Columbia, and Washington to depths of

104 m off Alaska, 165 m off British Columbia, and 274 m
ol Washington (LACNI Malacology eollection). In the
southern part of T. cancellata’s range, it is in cool-
temperate, not boreal waters. The que stion is. however

not where trichotropids live now but where they were
during the Late Cretaceous, when there were no polar
ice caps and the subtropical and temperate zones were
mueli wider. Trichotropids and ealvptraeid-hke gastro-
pods co-existed during the Late Cretaceous in the study
area. and both forms lived in relatively warm, shallow

waters. Althongh the Coniacian-Santonian faunas of

northern California are noticeablv cooler than Turonian
faunas (Saul and Squires, 2008) ol that area, they would
have been temperate. tHoagland (1977) mentioned that
anatomical features of Trichotropis snggest aflinities to
calyptraeids. but she believed that similarities of life his-
torv and niche between Triclotropis and Crepidula are
convergent. She suggested that Crepidiula is derived
from some form of “calvptracid stock™ that, in turn, was
derived from Trochita Schumacher, 1817, reported by
Wenz (1940) to range from Eocene to Recent. She did
not plonde any ge()loglc time parameters as to when
these derivations took place. but indicated that Shimer
and Shrock (1939) recorded the first calyptraeids as
“lower Cretaceous.” The “lower” seems to be a minor
lapsus: all printings of Shimer and Shrock from first 1944
to last 1959 list range of Calyptraca and Crepidula as “U.
Cret—Recent” and Crucibulim as “Tert—Recent.” \Wenz
(1940: 902), however, questionably included the peculiar
looking genus Gale )‘lculus Seeley, 1861 [rom the Upper
Greensand (Lower Cretaceons upper Albian) of England
in ('ﬂ\ptrdmds [t does not resemble any calyptrae id we
have studied. Seelev (1561) named ("npzdula cooksoniae
also from the Lppe Cleemand but Itoagland (1977
395) found it “unconvincing” as a ml\ptmmd

The Campanian to \]dd%tll(]ltldl] Damesia Holzaplel,
155S. of Europe and Tennessee, has heen regarded as a
(al\ptmmd by some workers (e.g.. Solil, 1960), but Dock-
env (1993 l\\]”’ll(‘(] Damesia to thc pyramidelloids.

Bandel and Riedel (1994) reviewed placement and

content of Calvtracoidea, and in comparison to Hoag-
land’s (1977) study. thev arrived at a different fdl]]l]hll
content and different 1elat10nslnps between the families.
Their Calvptracoidea consisted ol two fumilies: Calyp-
traeidae containing genera Calyptraca. Crucibulum, .lll(l
Crepidula: and Hipponicidae containing Cheilea, Hip-
ponix. Neojanaca. and Thylacus: bt both families ex-
cluded trichotropids. According to Bandel and Riedel
(1994). all genera in (,dl\ptldtl(]d(’ lack a probosis and

are obligatory filter feeders. However, in Hawaii Ulbrick
(1969) veported algae grazing, in addition to filter feed-
g l)\‘ ('rur'i/m/mn spinosuim So\\ell)\ 1824,
Cretaceous trichotropines pl()lmhl\ had several char-
acteristics that lvsines would have inherited from them:

D) filter feeding, 2) living epifannally, probabl on a lrard
substrate, 3) l)]o()dn)(f egg capsules lrom which plank-
totrophic lanae lmt(']n, and 4) being protandrous her-
maplhirodites. Characteristics the Iysines would pass on to
calvptracids. Lysines’ first l(uwmmble difference from
the tnchotmpmeﬁ is the increase in expansion rate of the
whorl. espcudll\ of the lust whorl, resulting in an en-
larged aperture in which the colmnellais 1)1()(1(1( ned. The
earliest broadening and enlargement were moderate and
only become striking as geologically vounger species be-
gan to have a very distinctive mmpl]olov\' Until con-
nected with its ancestry, Lysis was dilficult to classify.
The shell ulso became more flattened and limpet-like, as
the aperture enlarged.

Hoagland (1977) credited Crepichula hochstetteriana
Wilckens (1922: 5-6, pl. 1, ligs. Ya, b) as being the ear-
liest Crepidula hecause it was reported from the calcar-
cous c.onglmne rate stratigraphic unit of the Lower
“Amuri Group” in the "Amuri Blnll™ area, northeastern
South Island, New Zealand (Wilckens, 1922: Warren and
Speden, 197S). Modem spelling of “Amuri” is Haumuri,
and the Cretaceons strata are referred to the Mata Se-
ries. Woods (1917) reported that these strata at Hanmnri

Blulf contain the bivalves Inoceramus australis Woods,
1917 und Inoceramus pacificus Woaods, 1917, which ac-
cording to Wellman (1959) we limited to the Piripauan
Stage ()l latest Coniacian to Santonian age.

A Speden (1978) noted * pl()blems" with the
early collections from this area but nevertheless, listed
Maovicrypta hochistetteriana (Wilkens, 1922) rom the
Campanian Okaralia Sandstone ol the Mata Series. De-
seribed conditions of collecting suggested a strong pos-
sibility of co-mingling of mdtcndl from different strata
and that the only l\n()\m specimens of M. hochstetteriana
might not be from the Mata Series. In search of the tvpe
specimen, we contacted three extraodinarily lolplul
New Zealanders: A. G Beu, A Grelmeft, and . D. Stil-
well. Their email communications (2006) indicated that
M. hochistetteriana is not [rom the Okarahia Sandstone,
and is not of Cretaceous age. Beu found the type speci-
nen (GNS TM260S) in the New Zealand Ceological
Swrvev collections. Fortunately, the tvpe specimen was in
a large enough block of matrix to take a sample for mi-
er ofossﬂ dating. 1le enlisted the aid ol G. Wilson who
dated the dinollagellates as late Oligocene, at the oldest.
lan Raine, who looked at the rich spore-pollen assem-
blage also from the sample, found Acacia pollen which is
not known earlier than NMiocene in New Zealand. Nio-
cene strata crop out above the Mata Series. and some ol
the original inaterial sent to Wilkens was apparently from
heach ])()11](1(41&. derived from vounger strata ove ll\’lll"' the
Cretaceons Mata Series. This Ne agene age for Wile l\( ns’
species is much more likelv umsl(h ring that the shell
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covers nearly one-half of the aperture (Hoagland, 1977
350).

Hoagland published more papers on Crepidula and, in
1986, she revised several items of her 1977 paper but did
not design a new evolutionary pathway. We differ from
Hoagland (1977) in that we believe it is ditficult to go
from the centrally oriented apex plan of Trochita (Figure
71) or Calyptraea (Fignre 68) with its spiraling shelf and
get to Crepidula with its eccentric spire and (lppal(‘ntlv
nnspnaled deck. Whether or not Lysis species are an-
cestral to any modern Crepidula, yonnger species of Ly-
sis achieved a crepiduloid form with a respectable shelf
by wrapping the posterior end of the shelf onto the inside
of the outer whorl. Furthermore, from this, the calyp-
tracid form appears to have evolved with the develop-
ment of an “umbilicus™ in Garzasia intermedia making
Cooper’s specific name remarkably prescient.

At about the Campanian/Maastvichtian boundary, de-
velopment of the spiral shelf ol Garzasia resulted in a
shelf that appears to be a pattern for development of
shelves in Calyptraea and perhaps Crucibulum. The very
broad, depressed spiraling imner lip of Garzasia appears
to provide a likely pattern tor development of the shell of
Calyptraca or Crucibulum, not for the more decklike
shelf of Crepidula.

The ecarliest reported Calyptraea on the Pacific slope
is ‘Calyptraca’ diegoana (Conrad, 1855) which ranges
from middle Paleocene to Oligocene and occurs from
California to Washington il e 05t Russia
(Squires, 1957). A representative specimen from the Te-
jon Formation Eocene is shown in Fignres 62-64. Figure
62 displays the shelf of this species, which is mmlm to
that ot “Calyptraea” aperta Solander in Brander, 1766
from the Eocene of Europe (Figures 65-67). B()th of
these species have often been referved to Trochita Schu-
macher, 1817 (type species Tiurbo z‘rm‘/zziﬂ)r/)lis Bom,
1778), but their shelves (Figures 62 and 63) spival from
an off-center position roughly a quartcr of the diameter
in from the aperture edge. A so-called psendoumbilicus
at the upper end of the shelves in Fignres 62 and 65
could result from reduction of an nmbiliens such as that
of Garzasia. The shelves of ‘C. dicgoana and *C." aperta
are narrower than shelves of Garzasia and expand across
about one third of the aperture. They differ distinctly
from that of Trochita (Figures 7T1-73), which has a Stlll(]\
spiraling internal shelf extending from the centered axis
of coiling to the outer shell inargm, giving the impression
ol (h\'ulmg the cirenlar aperture in half,

Calyptraca” diegoana does not appear to be a direct
descendent of (un:usm [ts snmldllt\' to “C." aperta sug-
agests an ancestor in the Old World Tethyau Sea and. 111\(*
many ol the other Early Cenozoic mollnsks (S(lun(s
1987, 2003), it probably arrived onto the Pacilic slope via
a circinm-equatorial current. These species ‘C. dicgoana
and "C." aperta do not have shelves similar to that of
Calyptraca chinensis (Linmaeus, 175S), the type species
of Calyptraca. 1n C. chinensis, the thin fragile shell (Fig-
ure 6S) occupies abont a quarter of the apertural (mlv.

It arises from the apex with a folded-over edge that forms
the umbilicus. At the open end of the umbﬂlcus the
shelt edge abruptly veers counter to coiling direction and
approaches the apertm al margin at an acute angle. The
total shelfal edge is sickle- thp(’(] with a short handle
(the umbilical ((lcre) and a long curved blade (the outer
margin of the shelf). This leaves a deep notch between
the attachment of the shelf to the shell and a delicate,
lobate shelf.

Trochita is present in modern castern Pacific slope
faunas from Mazatlan, Mexico to Valpariso, central
Chile. It occurs in lower to middle Miocene strata as far
north as the La Panza Range, San Luis Obispo Co., is
present in the Kern River section, Kern Co. (Addicott,

1970) and the Topanga Formation. Santa Monica Moun-
tains, Los Angeles Co., California. Tt has a thick shell
with protractive ribbing and, as mentioned above, a
sturdy shelf.

GLOBAL DISTRIBUTION OF CRETACEOUS
LYSTFORM GASTROPODS

Both ‘Crepidula’ and "Calyptraca™ have been reported
from Campanian and Maastrichtian age strata from
throughout the world. Preservation of most specimens
makes identilication of them problematical. Some of
these gastropads have proven to belong to other families
or not to be of Cretaceous age. Others need verification.
Our tally of occurrences is donbt]ess incomplete.
Although stated above as “throughout the world,”
these gastropods are rvecovered from areas that were
probably temperate to tropical. Verified Iysines are all
younger than Turonian and older than Eocene. Classing
szmtralacms as a lysine provides the only Paleocene
record of this subfdnnl\ Late Cretaccous occurrences
suggest that the calyptraeids developed in several geo-
graphic places from widely distributed trichotropids
evolving into Lysinae. An (\’HHPI(‘ of this is the evolving
shape of Lysis. Although on the Pacilic Slope (‘al}ptrael—
torm calyptracoids developed from a crepiduliform ca-
lyptracoid, the calyptraciform has been recognized more
widely ge ()(fmpln(all\ but not carlier than Condacian.
Cretaceous ¢ dyptraciform calyptracoids are more
widely recognized geographically than are crepidulitorm
cal\ptm(’(nds Europe has Cdl\l)tld(‘lf()lll] occurrences
but no crepiduliform occurrences. Alrica has calyptraei-
form acenrrences in the north and crepiduliform occur-
rences in the south. African occnrrences are close in time
to those of the Pacitic Slope. North America (exclusive of
the Pacitic Slope) has a very few reports along the Gult
Coust of calyptraciform specimens. The Pucific Sl()pe has
both (‘dl\'})t]d(l[()l m Garzasia and Ll(l)l(lllllf()llll Lysis.
Sonth America has cal\])tldmhnnl species. Japan soine-
what mirrors the Pacilic Slope. Its kuown lvsine s of
carly Maastrichtian age, but the additional presence ol a
lri(']u)tmpid (Kase, 1990) similar to A. obstricta suggests
that lysines were developing there roughly s\ﬂchmn(msl\
with those along the Pacific Slope. New Zealand has no
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Figure 74.

Generalized proposed evolutionary trends of calyptraeoids. Time scale after Gradstein et al., 2004, Calyptraeids and

cre plduhdi probably evolved from several trichotropids. Lysis or Lysis-like fossils of Coniacian to Maastrichtian age have been
described from California, and from Campanian to Maastrichtian age from southern Africa and Japan. 1. Turriculate gastropods
having gill Ldpable of filter feeding. sedentary adult life on hard substrate. Pr obably capable of copulation, protandrisin, and brooding

of voung. 2

. Broadening of columella and inner lip. Enlarging final whorl. 3. Attachment of posterior shelf end to interior of outer

lip to dev elop crescentic shclf 4. Some species developed “wmbilicns” in spiraling shelf as in Garzasia. 5. “Umbilicus™ closed or nearly
so in Eocene “Crepidula’ and moving toward more central position in more circular base. 6. Broad shelf, spiraling from near center
of buse. Shelf edge nearly straight. 7. Spiral shell witl: low spire. round base. Shelf edge extremely sigmoidal. * = Pleistocene. Stages

abbreviated are Turonian, Coniacian, Santonian, Maastriclitian.

known Cretaceous lvsines but does have the youngest
known (.dl\‘[)trd(’lfOI'Iﬂ lysine.

EUROPE: Crepidula mjhlmdea Bellardi and Mich-
elotti, 1540 from Villavernia near Tortona ltaly was listed
among Nomina Dubia by Hoagland (1977) as l)emg from
the Cretaceous. Bellardi and Michelotti were describing
a Tertiary fauna. Because the specimen and Il]llStI‘dtl()l]S
are so small, Hoagland could not verity that this species
was a Crepidula.

Calyptraea eretacea (d'Orbignv, 1842: 390, pl. 234,
figs. 1-3) [Infundibulum] was examined by Kollmann

2005) who determined that d'Orbigny’s material was
from Campanian of Charente-Maritime, southern
France. and that the specimen identified as C. eretacca
by Delpev (1942: 165, fig. 1) was from Maastrichtian of
southwestern France. Poor preservation of d’'Orbigny’s
tvpe caused Kollmann (2005: 172, pl. 18, fig. 18) to refer
to it as Calz/ptmm s. lato eretacea (d'Orbigny, 1843),
species dubia.” Delpe\ s illustration shows no sh( If. I\oll-
mann considered both specimens to be only Calyptraca
sensu lato. These specimens expand their whorl diameter
much less rapidly and have much higher spires than
specimens of Lysis and Garzasia from the Pacific Slope
of North America.

Calyptraea depressa Delpey, 1942 (p. 165. fig. 2) from

Maastrichtian southwestern France, has a spiraling shelf
simiilar to that of Eocene "Calyptraca” aperta except that
its shelfal margin is concavely arcuate between rim and
whorl center.

Kollmann and Odin (2001: 446, pl. 1, figs. 18-19) re-
corded Calyptraca sp. of Maastrichtian age from south-
western France, but the preservation of the specimens
appears to be too poor to allow positive generic identi-
fication.

AFRICA: As figured, “Calyptraca’ bouéi (Pervin-
quiére, 1912: 10-11, pk 1. figs. 7-11) from the Maas-
trichtian of Tunisia externally resembles some forms as-
signed to ‘C." aperta. The shape of the shelt of “C." bouei
shown in ficure 9 is difficult to determine, but appears to
have a straight edge and probably resembles that of 'C”
aperta.

Galerus libyca Quaas, 1902, was described from upper
Maastrichtian/ possibly Danian strata (Exogyra overwegi
beds) from the Ammonite Hills. Great Sand Sea, Eqpt
(Quaas, 1902: 23S, pl. 25, figs. 26-29). It has been re-
ported also from th(* Congo (Damw( lle and Brébion
1936: 29-30, pl. 1. figs. 9-10), and from Libya. Egypt,
Congo, and Madagascar (Bandel and Riedel. 1994: 339~
340, pb. 7. ligs. 2-3). Bandel and Riedel reported Quaas’
original specimens lost in World War 11 and ligured the
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exterior of a subsequently collected specimen of “Calyp-
traca’ libyca which resembles “C." aperta. They dl(] not
figure the shelt, hut described it too briefly as “a flat
spn‘a] shell like that of modem Calyptraca.”

A Crepidula chain was reported by Brébion (1956) in
describing Crepidula congolensis Brébion, 1956, from
the upper Campanian of the Congo, Africa. This Alvican
species resembles a Lysis more than it does a modem
Crepidula, i that C. congolensis has coiling similar to
Lysis and a depressed inner lip that barcly wraps onto
the labral side of the aperture. Lysis? congolensis (Bré-
bion, 1956: 89, fig. 1. pL. 1. lig. Ta, 7h) is most similar to
L. jalamaca in shape and senlpture but appears to have
much finer ribbing than L. jelamaca.

‘Calyptraca” primogenita Kiel and Bandel (2003: 460,
fig. 4.14—4.16) and Lysis ('apcns-is (Rennie. 1930) illus-
trated by Kiel and Bandel (2003: 460, fig. 6.1-6.2) are
from the npper Sdl1t0nmn/]mvm‘ Campanian, Umzainba
Formation. *Calyptraca” primogenita was described from
a single worn and broken specimen. Its ribbing (except
on ]dSt quarter-whorl) is protractive as in 7' m(‘[m‘n, and it
has a thick shell as does Trochita. 1ts whorl shape is more

trochiforms than in Trochita or Calyptraca. it consists of

more whorls than a Trochita or a Calyptraca, the last
whorl lacks the notable enlarcement of a Trocliita or a
Calyptraea, and nnlike Trochita or Calyptraea, it has a
small open wmbilicns and “the cohnmellar lip hears a
strong plate” (Kiel and Bandel, 2003).

Lysis capensis is very similar in shape and sculpture to
L. duplicosta, but its inner lip seems narrower and maore
similar to that of L. mickeyi. Lysis duplicosta is generally
lower spired and has a broader inner lip/columella.

Remnie (1945: 50. 116, pl. 3, fig. 10) ticured a Calyp-
traea sp. from the Upper Cretaccous Senonian ol An-
gola, Africa. A more precise age is unknown and. al-
thou”h the shape and angle of suture i the figure re-
semble Calyptraca, t]w base and aperture are not
illustrated, thereby making generic assicnment indeter-
minate,

NORTH AMERICA (exclusive of the Pacific Slope):
Crucibuliom? sp. ol Sohl (1960: pl. 10, fig. 21) is an im-
mature, inconmplete specimen from the upper part of the
Ripley Formation (Maastrichtian) in Mississippi. Sold in-
dicated that its incomplete shell suggested a close rela-
ti:mship to Crucibuln, and that it definitely appeared to
belong in the Calvptroidea. The specimen is too incom-
plete to determine lts genus, its similarity to Crucibulum
conld he a resilt of the w: 1w itis broken, but its spire does
suggest Calvptraeoidea.

Sohl (1960) classed Thylacus cretaceous Conrad, 1860
in Capulidae, but Dockery (1993) moved it to Culyp-
tracidae and Bandel and Riedel (1994) inclnded Con-
rad’s species in Hipponicidae. Tt apparently lived at-
tached to the columella within the aperture of empty
gastropod shells. Tt dilfers [rom Lysis and Garzasia in the
way Thylacus nmscles were attached. At the end ol jn-
venile eniling and beginning of expansion of the Tast
whorl. I[zg/[mm (lel)mlh e lt and right prongs instead

ol modifying the inner hp/u)]nmella into a shell as in
LI/.SIS‘ Sohl (1960: pl. 10, fig. ) and (Dockeryv (1993:
pL1S, figs. 1T and 4) ])]O\l(](‘t] good illustrations of the
early (lo\e]opmont which does seem more hipponicid
than calyptracid. When developed to maturity a horse-
shoe-shaped ninscle scar resulted. ])()C]\mv' (1993)
spechnens were from the Cotlee Sand of Campanian age
and Sohl's (1960) from the Ripley Formation of Maas-
trichtian age.

SOUTH AMERICA: ‘Calyptraca’ aperta (Solander in
Brauder, 1766), a Ewropean Eocene species (see Figures
65-67 for a representative late Eocene specimen from
the Paris Basin, France), was identibied by Olsson (1944:
245-249, pl. 9, figs. 10-13) from northern Peru. Olsson’s
placement of the Tortuga fossil beds helow his Radiolite
sandstones with Baculites suggests a Maastrichtian age.
As he provided only exterior views and no description of
the shelf, this identilication needs further verification.
Specimens identitied as ‘Calyptraea” aperta from Enrope
and the American Gulf Coast range widely as to whorl
height and sculpture which varies from smooth to spi-
nose. The Peruvian specimens increase in diameter at a
slower rate and they have more strongly impressed su-
tures than Eocene specimens, suggesting that the Peru-
vian specimens are probably not “C." aperta.

Calyptraea lacris (Philippi, 1SS7) from Maastrichtian
of centm] Chile was described as Trochita lacvis Philippi
(18S7: 92, pl. 11, fig. 3: referred to (mhmpszs by Wilck-
ens (1‘)()4 195- ]9() pl. 17, tigs. 9a. b) because of its high
spire, and to Calyptraea (Trochita) by Bandel and Stin-
nesbeek (2000: 763-764, pl. 1, fig. €). Bandel and Stin-
nesheck provided a view of the exterior only, and de-
scribed the she ]fas a Mat concave shell like that of mod-
ern Calyptraca.” Although “llat concave shell” might
partially describe a Imr[m‘(l shelf, it is not an acurate
description of the shelf in (‘(111/}1{1 aca chinensis (Figure
6S). Wilckens (1907: I3, pl. 3, lig. 6) also reported Ca-
lyptraca all. laevis Philippi of Maastrichtian age [rom
sonthem Patagonia, but the preservation of the specimen
appears to be too poor to allow positive generic identi-
{ication.

Calyptraca p:lcu/ux d'Orbigny. 1841 was indicated by
Hoagland (1977: 354) to have Teen recorded from Lower
Cretaceous strata of Argentina by von Hering (1907), but
the species was listed ])3 Fum(*hn (1937 187) {rom the
Patagouiano (Tertiary) of Lago Argentino, Argentina.

JAPAN: As noted carlier, Lisis izumicnsis Kase, 1990
has heen described [rom the earliest Naastrichtian of
Japan. 1t resembles the group ol Lysis duplicosta and
appears from the illustrations (Kase, 1990: figs. 2.11-
2.12) to be most similar to L. duplicosta in st](n"tll of
sculpture and development ol inmerlip/eohnnellar expan-
%iun Kasc (1990) also recorded a trichotropid similar to
Aviaciaria obstricta from the lzumi Gronp in Japan.

NEW ZEALAND: The early Paleocene (Danian)
S'];iru'f(l[m’)‘ux' IPinlay and \I;m\'ick 1937, from New Zea-
Ll s Lysis-like, «sp(’(m]l\ as to arowth line, and this
similarity reuires further study to (l< termine whether it
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results from common aneestry, conv: ergent ev olution. or
parallel evolution. Finlav and Manwick (1937) assigned
Spirogalerus to family Calvptracidae and based their ge-
nus on S;)zmﬂalm‘us lamellaria Finlay and \lanvlc]\
1937, which resembles L. suciensis except that L. sucien-
sis lacks the “pseudoumbilicus™ described for Spirogal-
erus. Finlav and Marwick (1937) and Boshier (1960)
opined that Spirogalerus lamellaria could represent the
evolutionary link between erepidulids and calyptraeiform
Sigapatella Lesson. [830.

Classification of Spirogalerus has been ineonsistent.
\\ enz (1940) made it a subgenus of C(IIJ])fI(IPH Lamarck,

1799. Beu and Maxwell (1 990) made Spirogalerus a sub-
genus of the calvptracid Sigapatella Lesson, 1830, but
Stilwell and Zinsmeister (1992) separated Sigapatella
from szrorfalcms because the latter has a strongly ex-
erted spire. Collin (2003a) noted that Szrrap(n‘(’lln has a
shell and anatomy similar to the calyptracid genera Ca-
lyptraca, Trochita Sehumacher, 1517, (md Zegalerus
Finlav. 1926. Collin (2003b) considered SzUap(n‘(’Ua to be
monophyletic but did not mention Spirogalerus. Mar-
shall (2003) recognized Sigapatella (=Zegalerus) as a dis-
tinct genus based on its shelf edae bemc broadly and
ev enl\ conecave instead of swmmdal hls is a very dif-
ferent shelf than that of Cnljpz‘m(’n chinensis (quxe
6S). The differences between Spirogalerus and Sigapa-
tella are similar to those found between Lysis and Gar-
zasia, and the New Zealand forms also reecord an evolu-
tionary pattern of enlargement of the last whorl and the
apertme with bloademnd of the Columella/mnel lip area
into a shelf within a hmpet1f01m shell. Thus, these two
genera were probably not links from actual evepidulids,
but represent links from lysines to calyptraeids.
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APPENDIN 1

LOCALITIES CITED

Localities are LACMIP. unless othenvise noted. Al quadrangle maps
are U.S. Geological Survey maps. Bracketed numbers are areas shown
on Figure 1.

[4] CASG 61794, [= CAS 1346-A]. In conglomeratic sandstone 1.6 kin
1 mi)) above mouth of Huling Creek, North Fork Cottonwood Creek.
Ono Quadrangle (15 minute, 1952). Shasta Co., California Budden
Canvon Formation, Bald Hills Member. Late Albian.

—aqa

1333, Le Fa_\'el. Paris Basin, France. Late Eocene (Bartonian Stage).

[15] 10095. [=CIT 83]. Fine sandstone just above shale. sectionline
fence gate on old road 0.4 km (1/4 mi.) \WV of Schulz Ranch. 122 m (400
ft.1 S. of northeast comer of section 19, T. 3 S. R. 7 W. El Toro
Quadrangle (7.5 minute. 1968). south side of Williams Canyon, Santa
Ana Mountains. Orange Co.. California. Coll.: B. N. Moore. 1 January.
1926. Ladd Formation. uppermost Holz Shale Member. Early Cam-
panian.

[16] 10711. [=CIT 1158]. Approximately 1.4 km (1.5 mi.) due west of
Los Angeles-Ventura Co. line on the boundary (extended) between T.
1 Nand T. 2 N north bank of Bell Canvon. southeast slope of Simi
Hills. Calabasas Quadrangle (7.5 minute. 1952). Ventura Co., Califor-
nia. Coll.: W. P. Popenoe. 1S July. 19353. Chatsworth Formation.
Aliddle Campanian

[3] 10757, [=CIT 1393]. Massive sandstones in bed of North Fork Bear
Creek. approximately 777 m 12350 ft.) south and 333 m (1750 ft) east
of northeast comer of section 3. T. 31 N_ R. 1 E, Whitmore Quadrangle
+15 minute. 1936). Shasta County. California. Coll.: W. P Popenoce and
WAL Tovell 12 Sept. 1941, Redding Formation. Bear Creek Sand-
stone. Coniacian.

[3] 10546. [=C1T 1014]. Concretions in sandstone. right bank of Chico
Creek about 1.6 km /1 mi.) npstream from the httle brdge across creek
below Mickev house and about +.16 km (2.5 mi.) N6°W of 14-mile
house on Humboldt Road. NI 1/4. SE /1 of section 1. T. 23 N, R. 2
E. Paradise Quadrangle '15 minute. 1933). Butte Co.. California. Coll:
W P. Popenoe and D. W Scharf. 16 August. 1931. Chico Formation.
top of Ponderosa Way NMember. Late Coniacian or early Santonian

[23] 11944 Approximately 10 km N of Punta Abreojos (SW of San
Ignacio . in first ridges N of arrovo that crosses Punta Abreojos road
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(dirt) just S of Carpo Rene turnoll, approx. 2 km NW of road. Approx.
2-3 km up ravine, lill .5 ki to east is pachydiscid loc., Viscaiano Penin-
sula, Baja California Sur. Mexico. Coll: R Demetrion, 1957, 1959. Valle
Formation. Middle? Campanian. with Hoplitoplacenticeras?

[14] 14310. About 450m north and T0m west of lookout at summit of
Warm Springs Mountain at elev. of 1052 m (3430 ft.), at base of Kirlw’s
(1991, ML A Thesis) measured scction no. 2. Warm Springs Mountain
Quadrangle (1938). Los Angeles Commty. California Coll. M. N Kirby.
Basal San Francisquito Formation. Late Muastrichtian,

22340. Gritty conglomeratic sandstone lenses in fine-grained sandstone
and shales, east side Gra apevine Canyon abont 0.8 km (0.5 mi.) south of
its north end, about 0.4 km (0.25 mi.) east of. and 30.4S m (100 ft.)
above the abandoned highway roadbed on east side of canyon. at about
645 i (2100 ft.) contour. about 91 m (300 ft.) northwest of Tejon/
granite fault contact. Locality is 3048 m (10.000 ft.) N24°W of 3174 ft.
BenchMark at old Fort TL]()D Tejon Quadrangle. Kern County. Cali-
formia. Coll: W. P. Popenoe, 9 December. 1946. Tejon Formation.
Middle Eocene.

223856, Prominent shell bed at crest of ridge on east side of Live Oak
Canyon. about 0.4 m (0.25 mi.) south of its mouth. T 10 N R 19 W,
Pastoria Creek Quadrangle. 7.5 1958, photorevised 1974, Kern
County., California. Coll.: W P. Popenoe, 13 March. 1947 Tejon For-
mation, Metralla Sandstone Member. Middle to upper Eocene (“Tejon
Stage™).

[10] 22585, About 2/3 of the way to the top of a gnlly on southwest
slope of & northwest-trending Lill on south side of Garzas Creek. where
the creek enters the San Joaquin Plain. approximately 610 m south and
1583 m west of northeast corner of section 19. TS S. R S E. Howard
Ranch Quadrangle, 7.5°, 1933, photorevised 1971 west side of San
Joaquin Vallev. Stums] aus Co., Calitoria. Coll : W P. Popenoe and T.
Susuki, April. 1950. Moreno Formation, “Garzas Sand”™ member.
Middle Maastrichtian.

[4] 23464 [PRI] Up small creek from Sulivan Ranch Rd. crossing. and
1.2S km (0.8 mi.) north of ranch. near Gas Point Rd.. 701 m ("’“(N) YN
75°E from mouth of Huling Creek, 579 m (19007) S, 488 _ (16007 E of
NW comer of section 16, T. 30N, R 6 W, Ono Quadrangle (15 ininute,
1952). Shasta Co., California. Coll: P. U. Rodda and M A Nurphy.
May 1935, Budden Canyon Formation. Bald Iills Member. unit v in
Matsumoto. (1960). Middle Cenomanian, probably Turrilites costatus
Zone,

[5] 23617 Fossil in hard. blue-gray concretion in gray-weathering buff
sandstone approximately’ 15.2 1 (30 ft.) below highest conglomerate,
approx. 0.5 kim (0.5 mi.) upstreant from NMickey house on west side of
Chico Creek. 1.52 m (5 ft.) above stream. 716.25m (2350 ft.) north.
609.6 m (2000 ft ) west of southeast corner of section 1. T. 23 N. R 2
E. Paradhse Quadrangle (15 minute, 1953). Butte Co.. California. Coll:
R B Saul. 14 August. 1955. Chico Formation. top of Ponderosa Way
Member Late Coniacian or early Santonian.

[5] 23639. In concretions in massive. greenish-grav sandstone. east
bank of Chico Creek, west of meadow \\1th large flat- topped lava block
at north edge near road. 373.39 1 (1225 ft.) south and 2926 m (960 ft.)
west of northeast corner of section 23. T 23 N. R 2 E. Paradise
Quadrangle (15 minute. 1953). Butte County. northcm California. Col-
lectors: L. R. Saul and R. B. Saul. 20 August. 1952, Chico Formation.
lowermost part of Ten Mile Member. Early Campanian

[12] 24122, Fine- to coarse grained buft sandstone: 76.2 m (250 {t.)
north of jeep trail in Jakama Camvon: elevation 190w (625 ft 1. 6.55 km
(411 mi) east and 1.1 km (0.69 mi.) south of Jalama Ranch Headquar-
ters: 0.93 km (0 58 mi.) west and 0 66 ki (0 41 mi ) north of southeast
comer of topo. Lompoc Hills Quadrangle (7.5 minute, 1939). Santa
Barbara Co.. California. Coll.: D. Dailey. August. 1939 Jalama Forma-
tion. Late Campanian—carly Maastrichtian.

[12] 24128, Dark grav conglomerate in first small canvon east of Ra-
majal Canyon. elevation 167 6 1 (330 t.). 0.54 ki (0.34 mo) south. 3.25
kin (2.03 mi.) east of Jalama Ranch Headgnarters. 1.22 ki (0.76 mu)
north 427 km {2.67 mi.) west of sontheast comer of Lompoc Hills
Quadrangle (7.5 minute. 19591, Sunta Barbara Co.. Calitornia. Coll : D
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Dailey, August 1958, Jalama Formation. Late Campanian—early Maas-
trichtian.

[12] 24237, Medium-grained, buff, arkosic sandstone, 396.2 m (1300
ft.) north of Jalama Creek, elevation 160 m (525 ft.). 0.48 ki (0.30 mi.)
south, 3 km (1.88 mi.) east of the Jalama Ranch Headqgnarters, 1.28 km
(0.80 mi.) north, 4.59 kin (2.87 mi.) west of southeast corner of Lonipoc
Hills Quadrangle (7.5 minnte, 1939), Santa Barbara Co., California.
Coll: W. P. Popenoe, Septeruber 193S. Jalama Formation. Late Cam-
punian~early Maastrichtian.

[6] 24340, Penz vicinity, conglomerate beds cropping out just below a
drainage canal, sontheast side of new Oroville 1wy, about 1.2 ki (0.75
mi.) northeast of intersection with Pentz-Magalia-Oroville road, 426.7
m (14007) S., 182.9 m (600°) W of the northeast corner of section 36, T.
21 N, R. 3 E, Cherokee quad. (7.5 minute, 1949), Butte Co., California.
Coll.: W. P. Popenoe, 1960. Chico Formation, Musty Buck Member.
Early Campanian.

[8] 24349, [=USGS MS601 and USGS MS745]. In place? Jarge angular
block of sandstone surrounded by sand at shoreline in covelet on north
side of elongate seaward-pointing rock; approx. N30°W of Pigeon Point
lighthouse, just south of Bolsa Point, Pigeon Point Quadrangle (7.5
minute, 1952), San Mateo County, California. Coll: L. R. and R. B.
Saul, October 11, 1960. Pigeon Point Fi. Middle Campanian.

[16] 26020. [=CIT 1158]. 1lard sandstone slabs in fine-grained sand-
stone, cropping out on high bare ¢lff, north bank of Bell Canvon, just
east of mouth of large gully, and 132.4 m (500°) S, 2743.3 (9000") west
of northeast corner of section 4, T. 1 N, R. 17 W, Calabasas Quadrangle
(7.5 minute, 1952). Simi ills, Ventura Co.. California. Coll.: W. D,
Popenoe, 11 Feh., 1972, Chatsworth Formation. Middle Campanian.

[10] 26353. Approximately 1.2 km south of Garzas Creek. 671 1 south
and 114 m east of northwest corner of section 20, TS S, RS E, 1loward
Ruanch Quadrangle, 7.5, 1953, photorevised 1971, Stanislaus County,
California. Coll.. R. B. Stewart and W, P. Popenoe, 1944. Moreno
Formation, “Garzas Sand” member. Late early to earlv late Maastrichi-
tuan,

[11] 26370. Reworked fossiliferons Turonian blocks in upper Campa-
nian conglomerate lens in shale, northeast side of Cooper Canyon,
approx. 411.5 m (1350°) n, 670.6 m (2200°) W of sontheast comer of
section 2, T. 21 S, R. 14 E, Alcalde 11ls Quadrangle (7.5 minute,
1969), Alcalde Hills, Fresno Co.. California. Coll.: J. Alderson, 18 [une,

1977, Panoche Formation, “Alcalde Shale” Member. Late Turonian
(with juvenile Subprionocyclus sp.).

[15] 26951. Small sandstone lens approx. 6.1 m (20 ft.) above road in
roadeut on north side of Silverado Truck Trail, 274.3 m (900 ft.) south
of northeast comer of section 18, T. 5 S, R. 7 W, El Toro Quadrangle
(7.5 minute, 1949), Orange Co., California. Coll.: A, A. Almgren, 4
Dec., 1951, Ladd Formation, uppermost Upper Holz Shale Member.
Late early Caunpanian.

[17] 26967, Small exposure of coarse-grained. poorly sorted sandstone
at bottom of northwest-flowing tributary to main fork of Garapito
Creek, 449.6 1n (1475 ft.) and 2835 m (9380 ft.) east of northwest
comer of section 5. T. 1 S, R. 16 W, Topanga Quadrangle (7.5 minnte,
1952, photorevised, 1981), Santa Monica Mountains, Los Angles
Comnty, California. Coll.: J. M. Alderson, 31 Dec., 1981, Tuna Canyon
Formation. Coniacian.

[3] 28717, South Cow Creek Valley, sandstone associated with con-
glomerate, lower South Cow Creck Valley. about 152.4 m (500 ft.)
downstrean from old bridge site across creek, and abont 1.6 kin (1 1ni.)
due west of buildings on Hunt Ranch, NE 1/4 of section 17, T. 31N, R.
2W_Millville Quadrangle, Shasta Co., California. Coll.: W. P. Popenoe,
27 Oct., 1971, Redding Formation, Oak Run Conglomerate Member of
Haggart. 1986. Late Santonian.

[19] SDNTIM 3403. Taylor Made Golf Facility at Salk Drive and Col-
lege Blvd., elevation 45.1 m (148 ft.) along College Blvd., lat. 33°8'25
N, long. 117°16'56" W, [in general = SDNHM 3402, 3404, 4071, 4073],
Carlsbad Research Center, Site 29, San Luis Rey Quadrangle 7.5
(1965), San Diego Co., California. Coll: B. O. Riney, 26 April, 1987,
Point Loma Formation Late Campaniun/?ear]y Maastrichtian.

[19] SDNIIM 3405. Carlsbad Researchh Center, 1.6 km north and 2.7
km west of southeast corner of San Luis Rey Quadrangle 7.5 (1968),
indicated area along west side of College Blvd, starting about 0.32 kin
[rom intersection with El Camino Real extends southward for 0.15 km,
San Diego Co., California. Coll.: B. O. Riney, 1987, Point Loma For-
mation. PLate Campanian/early Maastrichtian.

[1S] UCMP 2167, 32 km (2 mi.) N 10°W of BM 1271, Corona Qnad-
rangle (1902), at a gate about 0.5 ki (0.5 mi) below Modjeska Springs
in Williams Canyon, Santa Ana Mountains, Orange Co., California.
Ladd Formation. uppermost Holz Shale. Middle? Campanian.




